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PREFACE 


This  publication  is  the  2nd  Edition  of  the  divisional  bibliography.  The  1st 
Edition,  published  in  1992,  was  entitled  "Bibliography  of  the  Biosciences  Division 
- 1986  to  Present".  In  1993,  a  reorganization  of  the  divisions  at  DCIEM  took  place 
which  resulted  in  the  Operational  Medicine  Section  and  its  program  moving  to 
another  division  and  the  division  being  renamed  the  "Human  Protective  Systems 
Division".  Now,  further  changes  within  DCIEM  have  occurred  as  the  result  of 
the  re-engineering  of  the  Research  &  Development  Program  within  the 
^  Department  of  National  Defence.  Divisions  within  Research  Establishments  have 

disappeared  and  the  R&D  program  is  now  to  be  delivered  by  Thrusts  which  are 
directly  related  to  military  requirements. 

Limitation  in  the  fonts  used  in  the  1st  Edition  have  now  been  overcome 
0  and  it  is  hoped  that  we  have  managed  to  capture  all  the  scientific  nomenclature 

present  in  the  original  abstracts.  As  before,  this  bibliography  was  produced  on 
Macintosh  computers  using  "EndNote  Plus"  with  the  final  page  proofs  being 
produced  in  Microsoft  Word  5.1.  Thanks  are  due  to  all  the  scientists  in  the 
Division  for  proofreading  their  individual  contributions. 

®  As  I  look  at  this  impressive  collection  of  scientific  and  technical  output,  I 

am  very  proud  to  have  been  associated  with,  and  to  have  had  some  influence  in 
shaping  the  direction  of  the  program  reported  here.  While  it  may  be  more  diffi¬ 
cult  to  capture  in  a  publication  such  as  this,  I  am  confident  that  the  scientists  in 
my  former  division  will  continue  to  be  noted  for  their  scientific  excellence  as  our 
•  means  of  delivery  of  the  Research  &  Development  program  to  our  clients,  the 

Canadian  Forces,  evolves. 


# 


Kenneth  N.  Ackles,  Ph.D. 
formerly.  Director, 

Human  Protective  Systems  Division 
now.  Senior  Scientist,  DCIEM 
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1986 

Fowler,  B.,  Hamilton,  K.,  &  Porlier,  G, 

(1986)»  Effects  of  alcohol  and  amphetamine 
on  inert  gas  narcosis.  Undersea  Biomed,  Res., 
13(3),  345-354. 

Abstract  The  effects  of  ethyl  alcohol 

(1  ml/kg  body  weight),  dextroamphetamine 
(15  mg),  and  nitrous  oxide  (20%)  on  reaction 
time  were  investigated  in  6  subjects  with  a  2-, 
3-,  and  4-choice  serial  reaction  time  task. 
Each  drug  was  assessed  separately  and  m 
combination  with  nitrous  oxide.  The  error 
rate  was  held  constant.  Neither  ethanol  and 
nitrous  oxide  nor  amphetamine  and  nitrous 
oxide  influenced  the  slope  of  the  Hick- 
Hyman  function,  but  the  former  combination 
increased  the  intercept  while  the  latter  de¬ 
creased  it.  The  drugs,  either  alone  or  in  com¬ 
bination,  shifted  the  frequency  distributions 
of  the  reaction  times  as  a  whole,  rather  than 
modifying  either  their  shapes  or  the  pattern 
of  the  response  latencies  around  an  error. 
These  results  indicate  that  the  drugs  have  a 
common  pattern  of  effects  on  reaction  time 
and  that  alcohol  exacerbates  narcosis  while 
amphetamine  ameliorates  it.  This  is  inter¬ 
preted  as  support  for  the  view  that  narcosis 
causes  a  nonspecific  slowing  of  information 
processing  by  decreasing  arousal. 


Goodman,  J.,  &  Goodman,  L.  S.  (1986). 
Exercise  prescription  for  the  sedentary  adult. 
In  R.  J.  Shephard  &  P.  Welsh  (Eds.),  Current 
Therapy  in  Sports  Medicine,  1985  -  1986. 
Toronto,:  B.C.  Decker  Inc. 

Abstract  Exercise  is  regularly  em¬ 

ployed  to  screen  for  the  presence  of  disease  in 
asymptomatic  patients,  and  as  a  modality  in 
rehabilitation.  However,  relatively  few 
practitioners  prescribe  exercise  as  a  method 
of  primary  prevention  in  the  obese,  border¬ 
line  hypertensive,  sedentary,  or  borderline 
diabetic  adult  patient.  Nor  is  the  value  of 
exercise  exploited  in  the  development  of  pos¬ 


itive  health  behavior  and  the  prevention  of 
degenerative  diseases. 

This  chapter  will  outline  the  physi¬ 
ologic  rationale  as  weU  as  the  current  state- 
of-the-art  methodology  of  exercise  prescrip¬ 
tion  for  sedentary  adults. 


Hamilton,  K.,  Fowler,  B.,  &  Porlier,  G. 

(1986).  A  study  on  the  effects  of  nitrogen 
narcosis  on  diver  performance.  In  Proceedings 
of  the  19th  Annual  Meeting  of  the  Human 
Factors  Association  of  Canada,  (pp.  67-70). 
Vancouver,  B.C.:  Human  Factors  Association 
of  Canada. 

Abstract  A  number  of  studies  have 

used  nitrous  oxide  to  investigate  nitrogen  nar¬ 
cosis  in  humans  at  the  surface.  However,  it 
has  not  been  clearly  established  that  nitrous 
oxide  and  hyperbaric  air  produce  identical 
effects  on  behaviour.  Accordingly,  two  ex¬ 
periments  were  conducted  to  ascertain  if  the 
effects  of  alcohol  (ALC=1.5  mg/kg)  and  dex¬ 
troamphetamine  (DEX=15  mg)  in  combina¬ 
tion  with  hyperbaric  air  were  comparable  to 
those  obtained  with  nitrous  oxide  in  previous 
surface  studies.  In  each  experiment,  8  subjects 
performed  a  serial  2,  3  and  4  choice-reaction 
time  task  at  a  pressure  of  6.4  ATA.  The  re¬ 
sults  indicated  that  ALC  adds  to  the  im¬ 
pairment  produced  by  narcosis  and  DEX  has 
an  ameliorating  effect.  These  findings  con¬ 
firm  the  hypothesis  that  hyperbaric  air  and 
nitrous  oxide  produce  equivalent  qualitative 
effects  on  behaviour,  probably  through  the 
sane  mechanisms.  The  present  study  also 
demonstrates  the  validity  and  practicality 
of  using  nitrous  oxide  to  investigate  the  ef¬ 
fects  and  causes  of  inert  gas  narcosis  in  hu¬ 
mans  safely  and  economically  on  the  surface. 


Hamilton,  K.,  Porlier,  G.,  Landolt,  J.,  Fraser, 
W.,  &  Fowler,  B.  (1986).  Effects  of  inert  gas 
narcosis  on  the  vestibular  ocular  reflex. 
Undersea  Biomed.  Res.,  13(3),  355-359. 
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Abstract  A  study  was  conducted  to  ex¬ 

amine  the  vestibular  ocular  reflex  (VOR) 
during  narcosis.  The  slow  phase  velocity  of 
the  nystagmus  was  measured  in  six  subjects  by 
means  of  electronystagmography  during  the 
inhalation  of  25%  nitrous  oxide.  It  was  found 
that  nitrous  oxide  increased  the  velocity  of 
the  slow  phase  component  of  the  VOR  by  ap¬ 
proximately  50%.  This  result  indicates  that 
the  gain  of  the  VOR  is  effectively  increased 
during  nitrous  oxide  induced  narcosis.  It  ap¬ 
pears  that  the  vestibular  end  organs  and/or 
the  central  pathways  controlling  nystagmus 
are  affected  by  nitrous  oxide  and  this  may  be 
a  reason  for  the  disruption  in  balance  associ¬ 
ated  with  inert  gas  narcosis. 


Henderson,  D.  L.,  &  Tikuisis,  P.  (1986). 
Investigation  of  oxygen  pre-hreathing  at  SOOO 
ft  vs.  ground  level  prior  to  altitude  exposure. 
(DCIEM  86-C-19).  Defence  and  Civil 
Institute  of  Envirorxmental  Medicine. 

Abstract  Denitrogenation  of  body  tis¬ 

sues  by  breathing  100%  oxygen  with  an 
oronasal  mask  at  ground  level  for  30  minutes 
is  routinely  used  in  the  Canadian  Forces  to 
protect  aircrew  from  decompression  sickness 
(DCS)  during  altitude  exposures  above  18,000 
feet  in  the  course  of  Aeromedical  Training 
(AMT).  Despite  this  measure  plus  limiting 
the  period  above  25,000  ft  to  20  minutes,  a  to¬ 
tal  of  10-12  cases  of  altitude  DCS  per  year 
are  still  being  reported  by  the  hypobaric 
chambers  utilized  by  the  CF  for  AMT.  A 
simple  trial  was  conducted.  Results  have  re¬ 
vealed  marked  inter-individual  differences 
in  the  volume  of  nitrogen  eliminated  and  the 
mean  values  do  not  support  a  statistically 
significant  difference  between  oxygen  pre¬ 
breathing  at  ground  level  versus  8,000  ft. 


Ward,  C.  A.,  Koheil,  A.,  McCullough,  D., 
Johnson,  W.  R.,  &  Fraser,  W.  D.  (1986). 
Activation  of  complement  at  plasma-air  or 
serum-air  interface  of  rabbits.  /.  AppL 
Physiol,  60(5),  1651-1658. 

Abstract  The  possibility  of  the  air- 

plasma  interface  giving  rise  to  complement 
activation  is  investigated.  After  incubation 
of  the  plasma  of  a  group  of  rabbits  with  zy¬ 
mosan  and  measurement  of  the  degree  of  au¬ 
tologous  polymorphonuclear  leukocyte  ag¬ 
gregation  that  follows  the  injection  of  a  sam¬ 
ple  of  the  incubated  plasma  into  a  leukocyte 
suspension,  it  is  found  that  the  rabbits  can  be 
divided  into  two  groups,  sensitive  and  insen¬ 
sitive,  depending  on  the  degree  of  leukocytes 
aggregation.  For  the  sensitive  group  it  is 
found  that  both  the  plasma-air  interface  and 
the  serum-air  interface  give  rise  to  signifi¬ 
cant  leukocyte  aggregation.  If  the  animal  is 
decomplemented  before  the  plasma  is  incu¬ 
bated  m  the  presence  of  the  air  interface, 
there  is  no  longer  any  significant  leukocyte 
aggregation.  It  would  appear  that  the  com¬ 
plement  system  is  activated  by  the  presence 
of  the  air  interface  in  plasma,  but  that  fib¬ 
rinogen  does  not  play  a  pivotal  role  in  the 
process. 


1987 

Buick,  F.,  &  Porlier,  J.  A.  G.  (1987).  Tactical 
Life  Support  System:  Design  considerations 
for  protection  against  high  +Gz.  (DCIEM  87- 
TR-21).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  Advanced  tactical  aircraft 
are  able  to  produce  high  levels  of  +Gz  at  on¬ 
set  rates  in  excess  of  +10  Gz/ sec.  One  of  the 
aims  of  the  Tactical  Life  Support  System 
programme  is  to  improve  the  protection 
against  the  physiological  problems  occurring 
during  +Gz.  The  importance  of  the  anti-G 
suit  and  positive  pressure  breathing  to  +Gz 
tolerance  are  reviewed  with  recommenda¬ 
tions  intended  to  improve  their  effectiveness. 
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Fowler,  B.,  Hamilton,  H.,  &  Porlier,  G. 
(1987).  Interactions  between  ethanol,  am¬ 
phetamine  and  inert  gas  narcosis  on  the  per¬ 
formance  of  a  memory  scanning  task.  In  A.  A. 
Bove,  A.  J.  Bachrach,  &  J.  L J.  Greenbaum 
(Eds.),  Underwater  Physiology  IX, 
Proceedings  of  the  Ninth  International 
Symposium  on  Underwater  and  Hyperbaric 
Physiology,  (pp.  583-588).  Bethesda,  MD: 
Undersea  and  Hyperbaric  Medical  Society. 

Abstract  It  is  well  known  that  inert 

gas  narcosis  disrupts  performance  on  a  vari¬ 
ety  of  tasks.  Lately,  there  has  been  a  good 
deal  of  interest  in  how  drugs  may  influence 
this  impairment  in  humans  for  both  practical 
and  theoretical  reasons.  In  the  former  in¬ 
stance,  the  concern  is  generated  by  the  in¬ 
crease  in  drug  usage  and  the  consequences  on 
the  operational  safety  of  divers.  In  the  lat¬ 
ter  case,  there  exists  a  distinct  possibility 
that  patterns  of  drug  effects  may  provide  in¬ 
sight  into  the  mechanisms  underlying  narco¬ 
sis.  In  this  regard,  it  has  been  demonstrated 
that  both  nitrous  oxide  and  hyperbaric  air 
increase  the  intercept  but  not  the  slope  of  the 
Hick-Hyman  choice  reaction  time  function. 

It  has  also  been  foimd  in  the  same  studies 
that  ethanol  exacerbates  this  increase  while 
amphetamine  ameliorates  it.  These  experi¬ 
ments  used  an  identical  serial  choice  reaction 
time  task.  The  next  step  was  to  determine 
whether  or  not  these  findings  could  be  gener¬ 
alized  to  other  tasks.  This  hypothesis  was 
investigated  in  an  experiment  designed  to  as¬ 
sess  performance  with  Sternberg's  short- 
memory  scanning  paradigm. 

In  the  Sternberg's  task,  a  set  of  stim¬ 
uli  is  presented  followed  by  a  test  stimulus. 
Reaction  time  to  the  inclusion  or  exclusion  of 
the  test  stimulus  in  the  set  is  a  linear  function 
of  set  size  (4).  Six  subjects  were  used  and 
digit  set  sizes  of  1, 3,  and  5  were  presented 
under  each  of  the  following  conditions: 
placebo,  nitrous  oxide  (20%),  ethanol  (1.5 
ml/kg  of  body  weight),  amphetamine  (15 
mg),  nitrous  oxide  combined  with  ethanol, 
and  nitrous  oxide  combined  with  am¬ 
phetamine.  Error  rate  was  controlled  to  less 
than  2%  and  correct  reaction  times  were 


analysed.  Linear  functions  were  fitted  sepa¬ 
rately  to  the  included  and  excluded  digits  in 
each  condition.  Analyses  of  variance  re¬ 
vealed  that  the  intercepts  of  the  reaction 
time  function  were  significant  among  the  con¬ 
ditions  tested  while  the  slopes  were  not  af¬ 
fected.  Tests  on  these  data  showed  that  ni¬ 
trous  oxide  increased  the  intercept,  ethanol 
exacerbated  this  increase  and  amphetamine 
ameliorated  it  (p  <  0.05  in  aU  cases). 


Fowler,  B.,  Hendricks,  P.,  &  Porlier,  G. 

(1987).  Effects  of  inert  gas  narcosis  on  re¬ 
hearsal  strategy  in  a  learning  task.  Undersea 
Biomed.  Res,,  14{6),  469-476. 

Abstract  Two  experiments  were  con¬ 

ducted  to  examine  the  effects  of  35%  nitrous 
oxide  (N20)  on  rehearsal  strategy  while 
learning  a  list  of  words  in  a  free-recalL 
paradigm.  In  experiment  1,  the  subjects 
learned  the  list  while  rehearsing  the  words 
aloud.  Learning  was  slowed  and  an  analysis 
of  the  recorded  rehearsal  protocols  revealed 
a  decrease  in  the  overall  rate  of  rehearsal. 

In  addition,  there  was  a  decrease  in  both  the 
number  of  words  rehearsed  together  and  the 
proportion  of  words  rehearsed  from  earlier 
serial  positions  in  the  list.  In  experiment  2, 
the  subjects  were  required  to  follow  a  differ¬ 
ent  rehearsal  protocol  which  was  identical 
for  both  N20  and  the  air-breathing  control. 
They  had  no  difficulty  following  this  proto¬ 
col,  but  learning  was  still  slowed. 


Fowler,  B.,  Kelso,  B.,  Landolt,  J.  P.,  & 

Porlier,  G.  (1987).  The  effects  of  hypoxia  on 
P300  and  reaction  time.  In  Electric  and 
Magnetic  Activity  of  the  Central  Nervous 
System:  Research  and  Clinical  Applications 
in  Aerospace  Medicine,  AGARD-CP-432,  (pp. 
33-1  -  33-10).  AGARD,  Paris,  France. 

Abstract  This  experiment  investi¬ 
gated  the  effects  of  three  levels  of  arterial 
oxyhemoglobin  saturation  (Sa02  of  75%,  70% 
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and  65%)  on  reaction  time  (RT)  and  P300  la¬ 
tency  and  amplitude.  Ten  subjects  responded 
to  visually  presented  male  or  female  names 
in  an  oddball  paradigm  with  accuracy  con¬ 
trolled  at  a  high  level.  Hypoxia  increased 
both  RT  and  P300  latency  in  a  dose-related 
manner  and  these  variables  were  strongly 
correlated.  Hypoxia  did  not  influence  P300 
amplitude.  The  increase  in  P300  latency  is 
interpreted  as  further  evidence  that  hypoxia 
slows  stimulus  evaluation  processes  and  that, 
under  the  right  circumstances,  P300  could  be 
used  to  index  the  effects  of  hypoxia  on  per¬ 
formance. 


Fowler,  B.,  Taylor,  M.,  &  Porlier,  G.  (1987). 
The  effects  of  h)^oxia  on  reaction  time  and 
movement  time  components  of  a  perceptual- 
motor  task.  Ergonomics,  30, 1475-1485. 

Abstract  It  has  previously  been 

demonstrated  that  hypoxia  disrupts  perfor¬ 
mance  on  a  visual  SCRT  (serial  choice  re¬ 
sponse  time)  task.  Two  experiments  were 
conducted  to  examine  further  the  nature  of 
this  disruption.  Hypoxia  was  induced  with 
low  oxygen  mixtures  and  Sa02  (arterial  oxy- 
haemoglobin  saturation)  was  held  at  a  level 
equivalent  to  an  altitude  of  approximately 
4700  m.  In  experiment  1,  choice  reaction  time 
was  measured  with  a  version  of  the  SCRT 
task  that  eliminated  movement  time. 
Hypoxia  increased  the  intercept  but  not  the 
slope  of  the  Hick-Hyman  function.  In  exper¬ 
iment  2,  movement  time  was  measured  with  a 
reciprocal  tapping  task.  Hypoxia  increased 
not  only  the  slope  of  Fitts’  function  but  also 
the  slopes  produced  when  target  width  and 
movement  amplitude  were  analysed  sepa¬ 
rately.  In  both  experiments  the  error  rate 
was  held  constant.  These  results  indicate 
that  hypoxia  disrupts  the  reaction  time  and 
movement  time  components  of  SCRT  perfor¬ 
mance.  It  is  proposed  that  reaction  time  is 
slowed  rather  than  'blocked'  and  that  de¬ 
creased  brightness  sensitivity  contributes  to 
this  slowing  but  the  choice  processing  stage 
does  not.  Movement  time  is  also  slowed  due 


to  a  disruption  of  both  the  aiming  and  ballis¬ 
tic  processes  controlling  movement. 


Fraser,  W.  D.,  Black,  N.,  Eastman,  D.  E.,  & 
Landolt,  J.  P.  (1987).  The  effect  of  mild 
hypoxia  on  the  vestibular  evoked  response. 
In  Electric  and  Magnetic  Activity  of  the 
Central  Nervous  System:  Research  and 
Clinical  Applications  in  Aerospace 
Medicine,  AGARD-CP-432,  (pp.  16-1  -  16-7). 
AGARD,  Paris  France. 

Abstract  The  effect  of  hypoxia  on  the 

long-latency  vestibular  evoked  response 
(VSER)  was  examined  in  eight  sitting  sub¬ 
jects  who  underwent  intermittent  0.1  Hz  sinu¬ 
soidal  rotation  in  complete  darkness,  while 
fixating  on  a  small  target  light  that  rotated 
with  the  subject.  Evoked  responses  were 
recorded  during  10  minutes  of  rotational 
stimulation  after  breathing  each  gas  mixture 
for  a  minimum  of  25  minutes.  For  intermittent 
clockwise  (CW)  rotation  in  the  horizontal 
plane,  a  reproducible  negative  potential  (- 

28.7  ±  2.3  jiiV)  (mean  ±  SEM)  developed  at 
electrode  sites  located  between  the  vertex 
and  the  "linked"  ears  during  air  breathing 
conditions.  It  peaked  close  to  the  point  of 
maximum  velocity  of  the  sinusoidal  stimulus. 
This  negative  cortical  potential  decreased 
(i.e.,  it  became  less  negative)  with  respect  to 
the  air  control  by  25.4%  (P  <  0.01)  when  the 
subjects  were  exposed,  to  a  16.7%  oxygen 
breathing  mixture  (altitude  equivalent  of 
1900  m) .  No  effect  was  seen  with  18.7%  (910 
m)  and  14.4%  (2780  m)  oxygen  breathing  mix¬ 
tures.  For  intermittent  counterclockwise 
(CCW)  rotation,  a  positive  potential  (30.1  ± 

3.7  |iV)  developed,  during  air  breathing,  be¬ 
tween  the  vertex  and  the  linked  ears.  This 
amplitude  decreased  by  18.9%  when  breath¬ 
ing  both  the  18.7%  and  16.6%  oxygen  gas  mix¬ 
tures  (P  <  0.01),  and  by  17.9%  for  a  14.4% 
oxygen  mixture  (P  <  0.05)  compared  to  the 
standard,  air.  These  results  indicate  that 
the  cortical  processing  of  vestibular  sensa¬ 
tions  may  be  affected  even  imder  very  mild 
hypoxic  conditions.  Animal  studies  have  m- 
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dicated  that  the  levels  of  hypoxia  used  in 
this  study  can  significantly  alter  neuro- 
transmitter  metabolism  in  brain  tissue. 
Modifications  in  neurotransmitter  synthesis 
and  concentration  by  the  hypoxic  conditions 
may  explain  the  susceptibility  of  cortical 
processing  of  sensory  information  to  very 
mild  hypoxia.  Compensatory  changes  in 
cerebral  blood  flow  and  neurotransmitter  syn¬ 
thesis  may  be  responsible  for  the  reduced  ef¬ 
fect  under  the  more  severe  hypoxic  condi¬ 
tions. 


Fraser,  W.  D.,  Paul,  M.  A.,  Eastman,  D.,  & 
Porlier,  G.  (1987).  Decrement  in  postural 
control  during  mild  hypobaric  hypoxia. 
Aviat.  Space  Environ.  Med.,  58,  768-771. 

Abstract  The  effects  of  mild  hypoxia 

on  the  postural  control  system  of  39  naive 
subjects  were  examined  by  measuring  the  pos¬ 
tural  sway  with  a  Kistler  force  platform,  at 
ground  level  and  at  one  of  four  simulated  al¬ 
titudes:  1,521  m  (5,000  ft),  2,438  m  (8,000  ft), 
3,048  m  (10,000  ft),  or  3,658  m  (12,000  ft).  The 
total  sway  increased  above  the  ground  level 
controls  for  the  1,521  m,  2,438  m,  and  3,048  m 
exposures  (p<0.005)  as  did  the  sway  at  the 
lowest  measurable  frequency  (p<0.002),  but  no 
change  in  sway  was  seen  in  those  subjects  ex¬ 
posed  to  3,658  m  as  compared  to  ground  level 
values.  Significant  interaction  between  alti¬ 
tude  and  exposure  was  observed  at  p<0.04,  re¬ 
flecting  the  definite  effect  at  the  lower  alti¬ 
tudes  and  the  lack  of  an  effect  at  the  higher 
altitude.  The  multiple  comparison  test  indi¬ 
cated  no  difference  between  the  responses  at 
1,524  m,  2,438  m,  and  3,048  m.  Both  arterial 
oxygen  saturation,  5^02,  and  the  end-tidal 
oxygen  partial  pressure,  Pet02,  decreased  in 
relation  to  the  test  altitudes  with  a  statisti¬ 
cally  significant  interaction  between  alti¬ 
tude  and  Pet02  (P-0*02),  and  5^02  (p- 
<0.005).  There  was  no  significant  interaction 
between  altitude  and  end-tidal  carbon  diox¬ 
ide  partial  pressure  (p=0.4853).  The  postural 
control  mechanisms,  as  an  integrative  func¬ 
tional  unit,  are  very  sensitive  to  acute  mild 


hypoxia.  Arguments  are  advanced  to  indi¬ 
cate  that  intervention  of  compensatory 
mechanisms  at  higher  altitudes  may  explain 
the  recovery  of  postural  stability  at  3,658  m. 


Howard,  I.  P.,  Cheung,  B.,  &  Landolt,  J.  P. 
(1987).  Influence  of  vection  axis  and  body 
posture  on  visually-induced  self-rotation  and 
tilt.  In  Motion  Cues  in  Flight  Simulation  and 
Simulator  Induced  Sickness,  AGARD-CP-433, 
(pp.  15-1  -  15-8).  AGARD,  Paris,  France. 

Abstract  Yaw  vection  is  induced  by  a 
scene  rotating  about  the  spinal  axis  (z  axis), 
pitch  vection  by  a  scene  rotating  about  an 
axis  in  the  mid-frontal  plane  (y  axis)  and 
roll  vection  by  a  scene  rotating  about  an  axis 
parallel  to  the  line  of  sight  (x  axis).  Each  of 
these  axes  can  be  vertical  or  horizontal, 
making  six  conditions  in  all,  of  which  only 
four  have  been  studied  previously.  We  stud¬ 
ied  vection  and  illusory  body  tilt  under  aU 
six  conditions,  with  a  full  rotating  field,  re¬ 
duced  somesthetic  cues  and  in  a  situation  in 
which  body  rotation  could  occur.  Yaw  vec¬ 
tion  aroimd  a  vertical  axis  was  strongest. 
Forward  pitch  vection  was  stronger  than 
backward  pitch  vection.  Contrary  to  previ¬ 
ous  reports,  for  most  subjects  backward  illu¬ 
sory  tilt  was  much  stronger  than  forward  il¬ 
lusory  tilt.  Two  subjects  experienced  360-^^ 
body  rotation  in  the  horizontal-pitch  condi¬ 
tion.  The  direction  of  pitch  axis  asymmetry 
was  found  to  be  consistent  and  not  related  to 
the  asymmetry  of  vertical  optokinetic  nys¬ 
tagmus. 


Howard,  1.  P.,  Ohmi,  M,,  Simpson,  W.,  & 
Landolt,  J.  P.  (1987).  Vection  and  the  spatial 
disposition  of  competing  moving  displays.  In 
Motion  Cues  in  Flight  Simulation  and 
Simulator  Induced  Sickness,  AGARD-CP-433, 
(pp.  16-1  -  16-8).  AGARD,  Paris,  France. 

Abstract  In  Experiment  1  we  investi¬ 
gated  the  relative  effectiveness  of  two  super- 
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imposed  displays  in  generating  circular  vec- 
tion  as  a  function  of  (i)  the  separation  in 
depth  between  them,  (ii)  their  perceived 
relative  distances,  and  (hi)  which  display 
was  in  the  plane  of  focus.  Circularvection 
was  found  to  be  governed  by  the  display  that 
was  perceived  to  be  more  distant,  even  when 
it  was  actually  nearer.  Vection  was  not  af¬ 
fected  by  whether  the  near  or  far  display 
was  in  the  plane  of  focus,  nor  by  which  dis¬ 
play  was  fixated  or  pursued  by  the  eyes.  In 
Experiment  2  we  asked  whether  the  gener¬ 
ally  held  belief  that  vection  is  induced  most 
effectively  by  the  peripheral  stimuli  is  due 
to  an  artificial  effect  of  perceived  distance. 
The  experiment  assessed  the  separate  contri¬ 
butions  of  foreground-backgroimd  and  central- 
peripheral  placement  of  competing  displays. 
It  was  foimd  that  both  factors  contribute  in  an 
interactive  way  to  the  experience  of  vection. 
In  Experiment  3  we  investigated  how  linear 
forward  vection  induced  by  a  looming  visual 
display  is  affected  by  the  near-far  relation¬ 
ships  of  competing  displays. 


Khalsa,  S.  B.  S.,  Tomlinson,  R.  D.,  Scharz,  D. 
W.  F.,  &  Landolt,  J.  P.  (1987).  Vestibular 
nuclear  neuron  activity  during  active  and 
passive  head  movement  in  the  alert  rhesus 
monkey.  /.  Neurophx/siol,  57,  1484-1497. 

Abstract  Responses  of  single  neurons 

were  recorded  in  the  medial  and  descending 
vestibular  nuclei  (MVN  and  DVN)  and  in 
the  deep  cerebellar  nuclei  of  three  juvenile 
rhesus  monkeys  {Macaca  mulatto).  Neuronal 
activity  was  measured  during  both  passive 
sinusoidal  and  nonsinusoidal  whole  body  ro¬ 
tation  (peak  velocities  were  imder  90°/s)  and 
during  active  head  movements.  Although 
the  active  head  movements  occasionally  ex¬ 
ceeded  SOO'^/s,  most  exhibited  peak  veloci¬ 
ties  of  <200°/s. 

A  total  of  133  units  sensitive  to  hori¬ 
zontal  head  rotation  were  recorded,  and  of 
these,  38  were  held  for  sufficient  time  to  ob¬ 
tain  both  passive  and  active  head  movement 
data.  Comparison  of  the  neuronal  firing  pat¬ 


terns  obtained  during  active  and  passive 
head  movements  revealed  no  apparent  dif¬ 
ferences.  Thus  neurons  that  were  observed  to 
burst  or  pause  during  saccades  with  the  head 
fixed  continued  to  do  so  when  the  head  was 
free. 

Both  the  sensitivity  to  head  veloc¬ 
ity  and  the  "inferred"  spontaneous  firing  rate 
were  compared  during  active  and  passive 
head  movements  by  plotting  rate-velocity 
curves  for  both  conditions.  When  the  data 
points  were  fitted  with  linear  regression 
lines,  no  statistically  significant  differences 
in  either  sensitivity  or  spontaneous  rate  were 
found. 

The  present  study  provides  no  evi¬ 
dence  that  efferent  vestibular  activity  alters 
the  properties  of  afferent  vestibular  neurons 
during  active  head  movements,  as  has  previ¬ 
ously  been  suggested.  Furthermore,  neurons  in 
the  rostral  portions  of  the  vestibular  nuclei 
in  primates  encode  head  velocity  based  en¬ 
tirely  on  labyrinthine  information.  Neither 
neck  proprioceptors  nor  an  efference  copy  of 
the  head  movement  motor  program  seem  to 
contribute  significantly  to  the  firing  patterns 
observed. 


Knowles,  D.,  Buick,  F.,  Robbins,  G., 

Kuhlman,  W.,  &  Weiss,  R.  (1987). 
Physiological  implications  of  wearing  CCB A 
for  NBC  protection.  In  International  Task 
Force-3.Report  No,  ITF-3.  (pp.  210-218). 
US/UK/CAN  MOU  on  CB  Defence. 
(Restricted). 

Abstract  (Restricted  Report) 


Martineau,  L.,  &  Larochelle,  J.  (1987).  The 
cooling  power  of  pigeon  legs.  /.  exp,  Biol,  136, 
193-208. 

Abstract  The  rate  of  heat  loss  from 

legs  and  feet  (Hleq)  was  studied  in  resting 
pigeons  preheated  to  a  body  temperature 
(43.1°C)  close  to  those  recorded  during  flight. 
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The  experimental  system  was  designed  to  al- 
low  the  calculation  of  from  whole- 

body  cooling  rates  following  exposure  of  the 
leg  and  feet  to  various  combinations  of  wind 
speed  (0-75  km.hr‘l)  and  air  temperature  (5- 
25°C).  The  pigeons  remained  hyperthermic 
when  their  hind  limbs  were  kept  insulated, 
but  their  bodies  cooled  markedly  as  a  result 
of  exposure  of  the  legs  and  feet.  With  a  12.5 
km.hr'^  wind  at  25®C,Hlpq  corresponded  to 
240%  of  the  resting  heat  production.  Hleq 
was  increased  by  higher  wind  speed  and 
lower  air  temperature,  but  it  became  essen¬ 
tially  independent  of  wind  speed  above  37.5 
km.hr"^.  The  maximum  values  of  were 

4-6  times  as  large  as  the  resting  heat  produc¬ 
tion  and  could  accoimt  for  50-65%  of  the  total 
heat  produced  during  flight.  It  is  concluded 
that  in  a  non-aquatic  bird  the  legs  and  feet 
can  play  a  major  role  in  whole-body  ther¬ 
moregulation,  both  at  rest  and  during  flight. 


Money,  K.  E.,  Cheung,  B.  S.,  &  Kirienko,  N. 
M.  (1987).  An  Illusion  of  reversed  direction  in 
hyperopes.  Perceptual  and  Motor  Skills.,  65, 
615-618. 

Abstract  If  a  subject  who  is  suffi¬ 

ciently  farsighted  removes  his  corrective, 
positive,  lenses  and  looks  with  one  eye  from 
a  distance  of  one  or  a  few  meters,  at  a  small 
lighted  area  such  as  the  (continuously  "on") 
indicator  light  of  an  electric  toothbrush,  ra¬ 
zor,  or  smoke  detector,  and  if  a  small  object 
such  as  a  pin  is  then  moved  slowly  from 
above  to  below  the  subject’s  eyes  (in  a  plane 
close  to  the  eye),  the  subject  will  perceive 
the  object  moving  normally  from  above  to  be¬ 
low  until  it  encroaches  on  his  view  of  the 
lighted  area.  The  object  will  then  be  seen  to 
encroach  first  on  the  bottom  of  the  lighted 
area,  and  as  the  object  continues  to  move 
down  it  will  be  seen  to  be  moving  up  across 
the  lighted  area,  exiting  the  lighted  area  at 
the  top.  Similarly,  an  object  moved  in  front 
of  the  eye  from  the  subject's  left  to  his  right 
will  be  seen  by  the  subject  to  traverse  the 


lighted  area  in  the  reverse  direction,  right  to 
left,  even  though  the  subject  moves  the  object 
himself.  Also,  while  the  object  is  in  front  of 
the  lighted  area,  it  is  perceived  as  an  upside 
down  silhouette  having  surprisingly  clear 
and  sharp  edges,  and  it  appears  to  be  located 
on  the  lighted  area  rather  than  close  to  the 
eye  where  it  really  is. 


Ohmi,  M.,  Howard,  1.  P.,  &  Landolt,  J.  P. 
(1987).  Circular  vection  as  a  fvmction  of 
foregroimd-background  relationships. 
Perception,  16',  17-22. 

Abstract  It  has  previously  been  re¬ 

ported  that  illusory  self-rotation  (circular 
vection)  is  most  effectively  induced  by  the 
more  distant  of  two  moving  displays. 
Experiments  are  reported  in  which  the  rela¬ 
tive  effectiveness  of  two  superimposed  dis¬ 
plays  in  generating  circular  vection  as  a  func¬ 
tion  of  (i)  the  separation  in  depth  between 
them,  (ii)  their  perceived  relative  distances, 
and  (iii)  which  display  was  in  the  plane  of 
focus  was  investigated.  Circular  vection  was 
governed  by  the  motion  of  the  display  that 
was  perceived  to  be  the  more  distant,  even 
when  it  was  actually  nearer.  However,  ac¬ 
tual  or  perceived  distance  was  found  to  be  not 
the  crucial  factor  m  circular  vection  because 
even  when  the  distance  between  the  two  dis¬ 
plays  was  virtually  zero,  vection  was  con¬ 
trolled  by  the  display  perceived  to  be  in  the 
background.  When  the  displays  were  well 
separated  m  depth,  vection  was  not  affected 
by  whether  the  near  or  the  far  display  was 
in  the  plane  of  focus,  nor  by  which  display 
was  fixed  or  pursued  by  the  eyes. 


Ward,  C.  A.,  McCullough,  D.,  &  Fraser,- W. 
D.  (1987).  Relation  between  complement 
activation  and  susceptibility  to 
decompression  sickness.  /.  AppL  Physiol, 
62(3),  1160-1166. 
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Abstract  The  consequences  of  comple¬ 
ment  activation  and  the  symptoms  of  decom¬ 
pression  sickness  are  similar.  Consequently, 
the  relation  between  the  sensitivity  of  indi¬ 
viduals  to  complement  activation  by  air  bub¬ 
bles  and  their  susceptibility  to  decompres¬ 
sion  sickness  has  been  examined.  Plasma 
samples  from  34  individuals  were  incubated 
with  air  bubbles,  and  the  concentration  of  the 
fluid  phase  metabolites  of  complement  acti¬ 
vation  C3a,  C4a,  and  C5a  were  measured 
with  radioimmimoassays.  It  was  found  that 
both  the  anaphylatoxins  C3a  and  C5a  were 
produced  by  the  presence  of  air  bubbles  but 
that  the  anaphylatoxin  C4a  was  not.  This 
finding  indicates  that  air  bubbles  activate 
the  complement  system  by  the  alternate 
pathway.  One  group  of  individuals  was 
foimd  to  be  particularly  sensitive  to  comple¬ 
ment  activation  by  this  pathway.  They  pro¬ 
duced  3.3  times  more  C3a  and  5.3  times  more 
C5a  in  their  plasma  samples  incubated  with 
air  bubbles  as  did  the  other  group.  Sixteen 
individuals  were  subjected  to  a  series  of  pres¬ 
sure  profiles  that  were  severe  enough  to  pro¬ 
duce  bubbles  in  their  circulatory  system  that 
could  be  detected  by  Doppler  ultrasonic  moni¬ 
toring.  The  group  of  individuals  that  had 
been  identified  as  being  more  sensitive  to 
complement  activation  by  the  alternate 
pathway  was  also  found  to  be  more  suscepti¬ 
ble  to  decompression  sickness. 


Ward,  C.  W.,  McCullough,  D.,  &  Fraser,  W. 
D.  (1987).  Identification  of  individuals 
susceptible  to  decompression  sickness.  In  A. 

A.  Bove,  A.  J.  Bachrach,  &  J.  L.  G.  Greenbaum 
(Ed.),  9th  International  Symposium  on 
Underwater  and  Hyperbaric  Physiology, 

(pp.  239-248).  Undersea  and  Hyperbaric 
Medical  Society. 

Abstract  Previous  theories  that  have 

been  advanced  to  predict  the  occurrence  of  de¬ 
compression  sickness  (DCS)  have  been  devel¬ 
oped  assuming  that  aU  individuals  are 
physiologically  the  same.  Complement  sen¬ 
sitivity,  maximum  likelihood  metrics,  and 


Doppler  bubble  scores  are  compared  for  their 
ability  to  account  for  the  variability  in  indi¬ 
vidual  DCS  susceptibility  in  a  test  popula¬ 
tion  of  15  subjects.  Subjects  classified  as  com¬ 
plement  sensitive  had  a  50%  occurrence  of  de¬ 
compression  sickness,  an  average  bubble 
grade  of  2.8  and  a  maximum  likelihood  score 
of  0.504.  Subjects  classified  as  complement 
insensitive  had  no  decompression  sickness,  a 
bubble  score  of  3.1  and  a  maximum  likelihood 
score  of  1.014.  Both  bubble  grades  and  maxi¬ 
mum  likelihood  score  would  indicate  a 
greater  likelihood  of  decompression  sickness 
in  the  insensitive  group.  The  complement 
sensitive  group  were  however  more  suscepti¬ 
ble  to  decompression  sickness  (P  <  0.05).  For 
decompression  sickness  to  occur  bubbles  must 
be  present  and  the  complement  enzyme  must 
be  sensitive  to  activation. 


1988 

Buick,  F.,  Maloan,  J.,  Grottenthaler,  J.,  & 
Bogart,  R.  (1988).  Physiological  responses 
during  graded  intensity  walking  with  closed- 
circuit  breathing  apparatus.  (DCIEM  88-RR- 
36  (Confidential)).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  (Confidential  Report) 


Fowler,  B.,  Kelso,  B.,  Landolt,  J.,  &  Porlier, 
G.  (1988).  The  effects  of  nitrous  oxide  on 
P3300  and  reaction  time.  Electroenceph.  Clin. 
Neurophysiol.,  69,  171-178. 

Abstract  The  experiment  investigated 
the  effects  of  3  concentrations  (15%,  25%  and 
35%)  of  nitrous  oxide  (N2O)  on  reaction  time 
(RT)  and  P300  latency  and  amplitude.  Ten 
subjects  responded  to  visually  presented  male 
or  female  names  in  an  oddball  paradigm 
with  accuracy  controlled  at  a  high  level. 

The  results  were  analysed  on  a  single-trial 
basis.  Nitrous  oxide  increased  both  RT  and 
P300  latency  in  a  dose-related  manner  and 


HPSD  Bibliography 


10 


1986-1994 


51C2  -  Aerospace  Life  Sciences 


these  variables  showed  a  strong  between- 
dose  correlation  (r  =  0.67).  Nitrous  oxide  also 
decreased  P300  amplitude  but  only  up  to  the 
25%  dose.  The  between-dose  correlation  for 
P300  amplitude  and  RT  was  negligible  (r  = 
-0.14).  These  results  suggest  that  P300  la¬ 
tency  is  an  index  of  N2O  narcosis  and  are  in¬ 
terpreted  as  indicating  that  narcosis  in¬ 
volves  ttie  slowing  of  stimulus  evaluation 
processes. 


Goodman,  L.,  McKenzie,  D.  C.,  &  Taunton,  J. 
E.,  Walters,  M.B.  (1988).  Relationship 
between  ventilatory  threshold  and  training 
heart  rate  in  exercising  cardiac  patients. 
Can.  J.  Sport.  ScL,  23(4),  220-224. 

Abstract  The  purpose  of  this  study 

was  to  determine  the  relationship  between 
previously  prescribed  training  heart  rates 
(THR)  for  patients  training  for  six  months  or 
more  in  a  cardiac  rehabilitation  program 
(CRP),  calculated  Karvonen  percentage 
heart  rate  reserve  (THRj,),  and  the  ventila¬ 
tory  threshold  (VT).  In  twenty  male  pa¬ 
tients  (ages  41-63)  with  documented  coronary 
heart  disease  (CAD)  [non-medicated]  mean 
training  heart  rate  (TRH.  75%  HRmax)  was 
determined  by  a  telemetry  during  traming 
sessions.  Incremental  treadmill  testing  for 

determinations  of  the  gas-exchange  VT  VO2 

vs.  ( VO2,  Excess  CO2)  was  performed,  and 
the  HR  at  the  VT  (VTHR)  was  determined. 
V02max  was  35.57  ±  5.57  mL-kg'l-min-1;  the 

VT,  expressed  as  a  percentage  of  V02max, 
was  54.45%.  The  mean  THR  (133.8  ±  13.4 
bpm)  and  calculated  THRi;.  (141.1  ±  9.74  bpm) 
were  significantly  greater  (p  <  .05)  than  the 
VTHR  (124.8  ±  15.5  bpm)  indicating  that  VT 
occurs  below  intensities  determined  by  other 
methods. 


Reinis,  S.,  Weiss,  D.  S.,  &  Landolt,  J.  P. 
(1988).  Lack  of  homogeneity  of  receptive 
fields  of  visual  neurons  in  the  cortical  area  18 
of  the  cat.  Biol.  Cybern.,  59,  41-48. 

Abstract  The  receptive  fields  of  "com¬ 
plex"  neurons  within  area  18  of  the  cerebral 
cortex  of  the  cat  were  determined  by  a  com¬ 
puter-assisted  method  using  a  moving  light 
bar  substantially  shorter  than  the  long  di¬ 
ameter  of  the  receptive  field  as  a  visual 
stimulus.  The  visual  cells  repeatedly  gener¬ 
ated  nerve  impulses  when  the  stimulus 
crossed  well-defined  "active  points"  within 
their  receptive  fields.  Outside  of  these  ac¬ 
tive  points,  the  cells  remained  silent.  It  is 
suggested  that  the  receptive  fields  are 
formed  by  a  discontinuous  accumulation  of 
such  active  points.  When  the  electrical  ac¬ 
tivities  of  two  neighbouring  visual  neurons 
are  recorded  simultaneously,  their  active 
points  do  not  coincide.  In  addition,  some  ac¬ 
tive  points  were  located  outside  the  most 
prominent  excitatory  part  of  the  receptive 
field  of  the  studied  cells.  Individual  visual 
cells  typically  differ  in  the  number  and  dis¬ 
tribution  of  active  points.  Since  these  cells 
best  respond  to  a  stimulus  moving  in  a  certain 
direction,  it  is  suggested  that  they  may  act 
as  direction  of  movement  and/  or  velocity  de¬ 
tectors.  Alternate  firing  of  a  number  of 
neighboring  cells  coimected  to  a  distributed 
pattern  of  peripheral  receptors  may  form  a 
system  which  is  able  to  code  for  velocity  and 
direction  of  the  moving  stimulus. 


Remis,  S.,  Weiss,  D.  S.,  &  Landolt,  J.  P. 
(1988).  Mass  correlograms  of  multiple  neu¬ 
ronal  activity  in  the  cat's  extrastriate  cortex. 
Biol.  Cybern.,  59,  103-107. 

Abstract  Electrical  activity  of  a  popu¬ 
lation  of  visually  responsive  cells  located  in 
the  vicinity  of  a  single  functionally  defined 
neuron  was  recorded  in  the  area  18  of  the 
cat  s  cerebral  cortex  with  a  single  tungsten 
microelectrode.  The  correlograms  calculated 
from  the  mass  activity  record  showed  an  ex- 
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istence  of  a  rhythmic  neuronal  firing  with  an 
average  interval  near  to  3  ms.  When  the  sys¬ 
tem  was  activated  by  a  visual  stimulus,  a 
line  at  an  optimal  angle  moving  in  an  opti¬ 
mal  direction,  the  rhythmic  activity  became 
regular,  acquiring  an  oscillatory  sinusoidal 
character.  This  rhythmic  pattern  cannot  be 
easily  recognized  when  the  activity  of  a  sin¬ 
gle  neuron  is  recorded.  It  is  possible  that  such 
rhythmic  activity  involving  large  numbers  of 
neuron  contributes  to  the  recognition  of  the 
velocity  an  position  of  the  visual  stimulus. 


1989 

Ackles,  K.  N.,  &  Radomski,  M.  W.  (1989). 
High(er)-flying  Phoenix.  In  FORUM,  4,  (pp. 
33-35). 

Abstract  Project  Phoenix  developed 

improved  emergency  aircrew  protection 
against  altitudes  greater  than  60,000  ft.  It 
explored  the  physiological  response  of  hu¬ 
mans  to  very  high  levels  of  positive  pressure 
breathing  (PPB)  and  showed  that  inflating 
the  G-suit  to  4  times  the  level  of  PPB  pro¬ 
vided  much  improved  protection.  This  con¬ 
cept  was  further  developed  as  the  Tactical 
Life 

Support  System  (TLSS)  in  a  cooperative  pro¬ 
gram  with  the  USAF. 


Buick,  F.  (1989).  +Gz  Protection  in  the  Future 
-  Review  of  Scientific  Literature.  (DCIEM 
89-RR-47).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  To  reduce  the  incidence  of  G- 

induced  loss  of  consciousness  and  enable  pilots 
to  operate  their  aircraft  at  higher  levels  of 
performance,  anti-G  protection  must  be  im¬ 
proved.  A  G-suit  and  the  anti-G  straining 
maneuver  will  likely  remain  essential  com¬ 
ponents  of  any  anti-G  system,  but  several 
methods  potentially  increasing  G-tolerance 
have  been  investigated  that  could  supple¬ 


ment  the  protection  afforded  by  these  tradi¬ 
tional  techniques.  Pharmacologic  agents  are 
of  no  benefit,  while  breathing  carbon  diox¬ 
ide,  shown  to  improve  G  tolerance,  is  imprac¬ 
tical.  Positive  pressure  breathing  has  so  con¬ 
vincingly  improved  G-protection  that  it  will 
become  an  operational  procedure  in  the  im¬ 
mediate  future.  The  benefits  of  the  G-suit 
have  been  augmented  through  greater  cover¬ 
age  of  the  lower  body  and  efforts  are  also 
aimed  at  more  responsive  G-valves.  Altering 
body  position  to  shorten  the  heart-to-head 
hydrostatic  distance  adds  directly  to  the 
protection  offered  by  the  other  procedures  but 
can  impair  vision  and  must  wait  imtil  the 
cockpit  is  redesigned. 


Cheung,  B.  S.  K.,  Howard,  I.  P.,  Nedzelski,  J. 
M.,  &  Landolt,  J.  P.  (1989).  Circularvection 
about  earth-horizontal  axes  in  bilateral 
labyrinthine-defective  subjects.  Acta 
Otolaryngol  (Stockh),  108,  336-344. 

Abstract  A  stationary  subject  sur¬ 
rounded  by  a  visual  display  rotating  about  an 
earth-horizontal  axis  typically  experiences 
a  sensation  of  continuous  self-rotation 
(vection)  coupled  with  a  paradoxical  sensa¬ 
tion  of  a  limited  degree  of  body  tilt,  both  op¬ 
posite  to  the  direction  of  the  stimulus.  The 
sensation  of  limited  body  tilt  has  been  at¬ 
tributed  to  conflict  between  visually-induced 
vection,  and  otolithic  and  somatosensory 
graviceptive  information  which  indicates 
that  the  body  has  not  moved.  We  investi¬ 
gated  circularvection  and  illusory  body  tilt 
about  the  horizontal  axis  in  the  pitch  and 
roll  planes  in  bilateral  labyrinthine-defec¬ 
tive  (L-D)  subjects.  Results  demonstrated 
that  the  bilateral  group  experienced  com¬ 
plete  imambiguous  self-rotation  through  an 
upside-down  orientation.  The  relative  con¬ 
tributions  of  the  otolithic  and  somatosensory 
graviceptors  to  visual-induced  tilt  is  dis¬ 
cussed. 
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Fowler,  B.,  Mitchell,  I.,  Bhatia,  M.,  & 
Porlier,  G.  (1989).  Narcosis  has  additive 
rather  than  interactive  effects  on  dis¬ 
crimination  reaction  time.  Human  Factors, 
31,  100-108. 

Abstract  A  central  featiure  of  the  im¬ 
pairment  in  performance  produced  by  inert 
gas  narcosis,  which  poses  a  threat  to  divers 
breathing  compressed  air,  is  a  slowing  of  re¬ 
action  time  (RT).  To  investigate  the  locus  of 
this  slowing,  the  effects  of  35%  nitrous  oxide 
on  Crossman's  confusion  function  were  deter¬ 
mined  using  line-length  and  weight  discrim¬ 
ination  tasks,  with  accuracy  held  constant. 
For  both  tasks  narcosis  slowed  RT  by  increas¬ 
ing  the  intercept  rather  than  the  slope  of 
Crossman's  function.  These  results  are  inter¬ 
preted  in  terms  of  additive  factors  method 
logic  as  being  consistent  with  the  predictions 
of  the  slowed  processing  model  that  has  been 
proposed  to  account  for  the  effects  of  narcosis 
on  human  performance. 


Fraser,  W.  D.  (1989).  Blood  complement 
analysis  and  decompression  siclmess.  In 
Proceedings  of  the  Fifth  Scientific  Diving 
Symposium:  Diving  for  Science,  Toronto, 
Ontario:  Canadian  Association  for 
Underwater  Science. 

Abstract  The  complement  enzyme 
system  of  blood  plasma  is  one  of  the  compo¬ 
nents  of  the  body's  system.  Work  performed 
over  the  last  several  years  has  shown  that 
much  of  the  phenomena  of  decompression 
sickness  (DCS)  are  due  to  activation  of  this 
immime  response  by  gas  babbles.  It  has  been 
found  that  those  divers  that  develop  symp¬ 
toms  of  DCS  are  also  found  to  have  native 
complement  systems  that  are  readily  acti¬ 
vated  by  air  bubbles.  Those  divers  that  do 
not  show  symptoms  have  complement  sys¬ 
tems  that  are  not  sensitive  to  activation  by 
air  bubbles.  It  has  also  been  shown  that  ac¬ 
tivation  of  the  complement  enzyme  system  by 
gas  bubbles  is  a  primary  factor  in  the  agglu¬ 
tination  of  white  blood  cells  and  platelet  ac¬ 


tivation.  Both  these  processes  are  believed 
to  be  critical  factors  in  the  development  of 
DCS.  Additional  support  for  the  importance 
of  the  complement  enz)mrie  system  in  the  de¬ 
velopment  of  DCS  was  obtained  from  another 
study  in  which  rabbits  were  exposed  to  de¬ 
compression  profiles  sufficient  to  induce  DCS. 
Rabbits  showing  symptoms  of  DCS  when  ini¬ 
tially  exposed  to  decompression  stress  could 
be  protected  during  subsequent  exposures  by 
pharmacologically  suppressing  the  comple¬ 
ment  system  prior  to  the  decompression 
stress. 


Fraser,  W.  D.,  &  Baines,  A.  D.  (1989). 
Application  of  fiber-matrix  model  to  trans¬ 
port  in  renal  tubules.  J.  Gen.  Physiol,  94, 863- 
879. 

Abstract  The  effects  of  tight  junction 
structure  on  water  and  solute  fluxes  across 
proximal  tubular  epithelium  were  examined 
with  fiber-matrix  equations  previously  de¬ 
rived  by  Curry  and  Michel  (1980. 
Microvascular  Research.  20:96-99).  Using 
plausible  estimates  of  tight  jimction  fiber 
length  and  width  the  model  predicts  solute 
(Pg)  and  water  permeability  (Lp  )  coeffi¬ 
cients  that  agree  with  the  measured  values. 
When  fiber-matrix  and  pore  models  were 
compared  for  physiologically  relevant 
ranges  of  matrix  void  fraction  (80-98%)  and 
pore  radii  (0-20  A),  the  fiber-matrix  model 
predicted  a  10-fold  higher  Lp/Pg  ratio. 

^p/^s  “^ost  seiisitive  to  small  changes  in 
tight  jimction  structure  when  void  fractions 
exceeded  90%.  Void  fractions  of  96.5%  and 
97.1%  predicted  previously  measured  values 
for  hp/Pg  and  solute  permeabilities  in  rat 
and  rabbit  proximal  tubules.  These  values 
are  consistent  with  void  fractions  and  per¬ 
meabilities  of  artificial  membranes.  'The 
fiber-matrix  tight  junction  model  was  incor¬ 
porated  into  a  model  of  reabsorption  from  the 
rat  proximal  tubule  developed  by  Weinstein 
(1984.  American  Journal  of  Physiology. 
247:F848-F862.)  A  void  fraction  of  98%  pre¬ 
dicted  the  experimental  results  for  isoso- 
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motic  reabsorption  driven  by  active  trans¬ 
port.  Changing  void  fraction  over  the  range 
of  97-99%  produced  a  50-75%  change  in  pre¬ 
dicted  volume  reabsorption  with  active 
transport.  According  to  the  fiber-matrix 
model:  (a)  solute  permeabilities  alone  cannot 
be  used  to  predict  Lp,  (b)  previously  mea¬ 
sured  solute  permeabilities  in  the  proximal 
tubule  are  compatible  with  significant  water 
reabsorption  through  a  water-permeable 
tight  junction,  and  (c)  hydraulic  and  solute 
permeabilities  may  be  sensitive  to  small 
changes  in  tight  junction  fiber  length  and  di¬ 
ameter  or  ionic  strength  within  the  tight 
junction. 


Hamilton,  K.,  Fowler,  B.,  Landolt,  J.,  & 
PorUer,  G.  (1989).  Nitrogen  narcosis  and 
ethyl  alcohol  increase  the  gain  of  the 
vestibular  ocular  reflex.  Undersea  Biomed. 
Res.,  16(2),  129-137. 

Abstract  The  effects  of  air,  helium- 
oxygen  (6.4  ATA)  and  ethyl  alcohol  (40%  by 
volume  at  a  dose  of  1.5  ml/kg  body  weight) 
were  examined  on  the  gain,  number  of  beats, 
and  phase  lag  of  the  vestibular  ocular  reflex 
(VOR)  by  means  of  electronystagmography 
=  7).  It  was  found  that  hyperbaric  air  arid 
alcohol,  both  alone  and  in  combination,  pro¬ 
duced  approximately  the  same  increase  in 
the  velocity  of  the  slow  phase  component  of 
the  nystagmus,  thereby  elevating  the  gain  of 
the  system  to  unity.  Hyperbaric  helium-  ' 
oxygen  did  not  influence  the  gain.  These 
findings  suggest  that  nitrogen  narcosis  differ¬ 
entially  impairs  the  system  controlling  the 
VOR.  It  is  proposed  that  this  impairment 
may  help  to  explain  the  disorientation  some¬ 
times  associated  with  nitrogen  narcosis. 


Hamilton,  K.,  Fowler,  B.,  &  Porlier,  G. 
(1989).  The  effects  of  hyperbaric  air  in 
combination  with  ethyl  alcohol  and  dex¬ 
troamphetamine  on  serial  choice-reaction 
time.  Ergonomics,  32(4),  409-422. 


Abstract  The  effects  of  ethyl  alcohol 
(1.5  ml/kg  body  weight)  and  dextroam¬ 
phetamine  (15  mg)  on  nitrogen  narcosis  were 
investigated  In  two  experiments  using  a  2-,  3- 
and  4-choice  serial  reaction  time  (RT)  task 
with  accuracy  held  constant.  Narcosis  was 
induced  with  air  at  6.4  atmospheres  absolute 
(ATA)  and  a  heliox  mixture  was  used  as  a 
control.  Heliox  at  6.4  ATA  did  not  affect  RT. 
Alcohol  alone  and  air  at  6.4  ATA  increased 
the  intercept  of  the  Hick-Hyman  function 
whereas  amphetamine  alone  decreased  it. 
The  increased  intercept  with  air  at  6.4  ATA 
was  exacerbated  additively  by  alcohol  and 
ameliorated  antagonistically  by  am¬ 
phetamine.  It  is  concluded  that  these  data 
are  consistent  with  the  slowed  processing 
model  which  proposes  that  the  effects  of 
narcosis  on  performance  are  due  to  a  decrease 
in  arousal  in  conjunction  with  secondary 
changes  in  task  strategy. 


Landolt,  J.  P.,  &  Monaco,  C.  (1989). 
Seasickness  in  occupants  of  totally-enclosed 
motor-propelled  survival  craft  (TEMPSC). 
(DCIEM  Report  #89-RR-14).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  Seasickness  is  imiversally 
acknowledged  to  be  a  most  impleasant  expe¬ 
rience,  and,  in  its  extreme  form,  leaves  the 
victim  unwilling  even  to  assist  in  his/her 
own  rescue.  In  1984,  following  a  rescue  off 
Sable  Island,  Nova  Scotia  from  a  totally-en¬ 
closed  motor-propeUed  survival  craft 
(TEMPSC)  carrying  personnel  from  the  aban¬ 
doned  oil  rig,  Vinland,  one  31 -year-old  man 
subsequently  died.  All  aboard  the  TEMPSC 
were  extremely  seasick,  and  it  has  been  sug¬ 
gested  that  this  was  a  contributing  factor  in 
the  man's  death.  This  incident  precipitated 
debate  concerning  the  necessity  of  recovering 
evacuees  from  a  TEMPSC  as  soon  as  possible. 
On  the  one  hand,  it  was  argued,  resources 
should  be  committed  to  developing  tech¬ 
niques  to  recover  TEMPSC  occupants  as  an  al¬ 
ternative  to  prolonged  lifeboat  confinement. 
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On  the  other  hand,  it  was  argued  that  any 
transfer  technique  at  sea  is  risky,  and  having 
safely  evacuated  a  drilling  tmit,  evacuees 
should  be  left  in  the  TEMPSC  until  sea  condi¬ 
tions  are  sufficiently  moderate  to  ensure  safe 
recovery  of  personnel  by  conventional  means. 
Resolution  of  the  debate  (aside  from  other 
factors)  appeared  to  be  the  comparison  of  the 
risk  involved  in  rmdertaking  a  transfer  at  sea 
under  adverse  conditions  against  the  risk  of 
prolonged  exposure  to  rough  seas  while  in  the 
TEMPSC. 


Ward,  C.  A.,  McCullough,  D.,  Yee,  D.,  & 
Fraser,  W.  D.  (1989).  The  role  of  complement 
activation  in  decompression  sickness.  In  Y. 
Lin  &  K.  K.  Shida  (Ed.),  Proceeding  of  the 
2nd  International  Symposium  on  "Man  in  the 
Sea  ,  (pp.  253-271).  Hawaii;  University  of 
Hawaii. 

Abstract  Complement  activation  by 
air  bubbles  appears  to  play  a  mediating  role 
in  decompression  sickness  (DCS).  If  an  indi¬ 
vidual's  native  complement  system  is  sensi¬ 
tive  to  activation  by  air  bubbles,  then  he/she 
is  susceptible  to  DCS.  Individuals  whose 
complement  systems  are  not  activated  by  air 
bubbles  are  found  to  be  immime  to  DCS  on  the 
pressure  profiles  to  which  we  have  subjected 
them.  The  known  genetic  polymorphism  of 
the  molecules  that  initiates  activation  of 
the  complement  system  along  the  alternative 
pathway  provides  a  possible  explanation  for 
the  variation  in  the  sensitivity  of  individu¬ 
als  to  complement  activation  by  air  bubbles 
and  thus  to  their  variation  in  susceptibility 
to  DCS.  Acclimatization  is  hypothesized  to 
arise  when  individuals  become  effectively 
decomplemented  by  circulatory  bubbles  pro¬ 
duced  when  they  imdergo  a  repetitive  series 
of  pressure  profiles.  The  hypothesis  is  sup¬ 
ported  by  observations  with  rabbits.  It  is 
found  that  rabbits  can  be  "Acclimatized"  by 
pharmacologically  decomplementing  them 
and  that  decomplemented  rabbits  become 
"De-acclimatized"  when  they  are  allowed 
to  rest  for  a  period  that  is  sufficient  for  their 


complement  system  to  return  to  its  native  sen¬ 
sitivity. 


Watt,  D.  G.  D.,  &  Landolt,  J.  P.  (1989). 
Effects  of  short-term  weightlessness  on  roll 
circularvection.  In  Situational  Awareness  in 
Aerospace  Operations,  AGARD-CP-478,  (pp. 
20-1  -  20-6).  AGARD,  Paris,  France. 

Abstract  Roll  circularvection  is  an  il¬ 
lusion  of  self-rotation  about  the  fore-aft  axis 
experienced  when  a  stationary  subject  is  ex¬ 
posed  to  a  visual  field  rotating  in  the  frontal 
plane.  In  these  experiments,  subjects  have 
been  asked  to  estimate  the  strength  of  this 
phenomenon  while  imdergoing  visual  stimu¬ 
lation  in  the  upright  and  supine  positions, 
and  during  parabolic  aircraft  flight.  The  re¬ 
sults  indicate  that  the  steady  roll  component 
of  vection  is  not  affected  by  the  magnitude  or 
direction  of  the  gravity  vector.  The  unpre¬ 
dictable  and  sudden  loss  of  this  compelling 
illusion  could  contribute  to  serious  episodes  of 
pilot  disorientation. 


Wolfe,  L.  A.,  Hall,  P.,  Webb,  K.  A., 
Goodman,  L.,  Monga,  M.,  &  McGrath,  M.  J. 
(1989).  Prescription  of  aerobic  exercise  during 
pregnancy.  Sports  Medicine,  8(5),  273-301. 

Abstract  Available  evidence  supports 
the  existence  of  both  risks  and  benefits  of 
aerobic  conditioning  during  human  preg¬ 
nancy.  During  intensive  exertion,  material 
skeletal  muscle  and  fetus  may  compete  for 
blood  flow,  oxygen  delivery  and  essential 
fuel  substrates.  Hence,  the  most  important 
hypothetical  risks  include  acute  fetal  hy¬ 
poxia,  hyperthermia  and  malnutrition. .  If 
exercise  is  repeated  on  a  chronic  basis,  ter¬ 
atogenic  effects,  fetal  growtih  retardation  or 
altered  fetal  development  may  result  if  ma¬ 
ternal/  fetal  adaptive  reserve  is  exceeded.  A 
dose-response  relationship  for  such  effects 
has  been  demonstrated  in  laboratory  ani¬ 
mals,  but  specific  findings  may  have  limited 
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applicability  to  voluntary  exercise  in  preg¬ 
nant  women. 

Although  further  investigation  is 
needed,  the  majority  of  published  studies 
suggest  that  fitness-type  conditioning  does 
not  jeopardize  fetal  well-being  in  health 
well-nourished  women.  Benefits  of  such  exer¬ 
cise  appear  to  include  increases  in  maximal 

aerobic  power  (V02max  L/min)  and  en¬ 
hanced  cardiopulmonary  reserve.  It  has  also 
been  proposed  that  exercise  prevents  accumu¬ 
lation  of  excess  body  fat,  promotes  psycho¬ 
logical  weU-being,  helps  to  prevent  gesta¬ 
tional  diabetes  and  low  back  pain  and  may 
facilitate  labour.  However,  these  benefits 
remain  to  be  confirmed  by  objective  scientific 
study. 

Due  primarily  to  a  lack  of  scientific 
data,  existing  medical  guidelines  for  exercise 
during  pregnancy  are  conservative  and  follow 
a  common  sense  approach.  Good  agreement 
exists  on  the  need  for  pre-participation  med¬ 
ical  screening  and  continuing  surveillance  to 
verify  the  existence  of  material/fetal  adap¬ 
tive  reserve.  Woman  are  advised  to  select 
safe,  rion-ballistic  exercise  modualities  and 
to  avoid  thermal  or  hyperbaric  environmen¬ 
tal  stress  during  exercise.  Exercise  in  the 
supine  position  is  also  prudent  to  avoid,  par¬ 
ticularly  in  the  gestation.  The  usefulness  of 
heart  rate  in  prescribing  and  monitoring  exer¬ 
cise  intensity  has  been  questioned,  with  use 
of  conventional  perception  of  exertion  scales 
being  the  most  logical  alternative. 

Prediction  of  maximal  aerobic  power 

( V  Ojinax )  from  submaximal  work 
rate/heart  rate  relationships  is  also  prob¬ 
lematic  during  pregnancy.  Other  areas  of  de¬ 
bate  include  the  advisability  of  initiating  a 
new  exercise  programme  during  pregnancy, 
methods  for  prevention  of  fetal  hyperther¬ 
mia,  the  safety  of  weight-training/isometric 
exercise  and  optimal  methods  for  training  of 
pre/ postnatal  fitness  instructors. 


1990 

Buick,  F.,  Burton,  R.  R.,  Clere,  J.  M.,  Glaister, 
D.  H.,  Hoekstra,  G.  J.  T.,  Johansen,  T.  S., 
Maat,  G.  K.  M.,  &  Meeker,  L.  (1990).  High 
+Gz  Physiological  Protection  Training.  Paris, 
France:  Aero-Medical  Panel  WG  14, 

Advisory  Group  for  Aerospace  Research  and 
Development,  NATO  AGARDograph  No. 
322. 

Abstract  High-G  physiological  pro¬ 
tection  training  is  currently  of  importance  to 
NATO  Air  Force  operations  because  of  a  defi¬ 
ciency  in  G  protection  methods.  This  defi¬ 
ciency  can,  and  on  occasion  does,  result  in  G- 
induced  loss  of  consciousness  (G-LOG) 

(Chapter  1).  Consequently,  these  methods 
are  supported  and  supplemented  by  increas¬ 
ing  their  effectiveness  through:  (a)  increased 
xmderstandmg  of  the  physiologic  basis  of  G 
protection  (Chapters  2  and  3);  (b)  develop¬ 
ment  of  advanced  G  protection  concepts 
(Chapter  4);  (c)  knowledge  of  the  system  and 
basis  of  G-LOC  (Chapter  5);  (d)  identifica¬ 
tion  of  the  existence  and  location  of  human 
use  centrifuges  in  NATO  countries  (Chapter 
6);  (e)  increased  physical  conditioning 
(Chapter  7);  (f)  improved  training  of  pilots 
on  the  centrifuge  (Chapter  8);  and  (g)  estab¬ 
lishment  of  training  goals  and  standards 
(Chapter  9).  These  topics  are  addressed  at  a 
scientific  or  technical  level  of  knowledge 
that  is  possessed  by  everyone  involved  in  ac¬ 
celeration  research,  G  training,  flying,  or  de¬ 
signing  and  building  high  performance  air¬ 
craft.  At  the  end  of  each  chapter  is  a  brief 
smnmary  in  both  English  and  French. 

The  material  in  this  publication  was 
assembled  to  report  the  results  of  AGARD 
Aerospace  Medical  Panel  Working  Group  14. 


Cheung,  B.,  Money,  K,  &  Jacobs,  I.  (1990). 
Motion  sickness  susceptibility  and  aerobic 
fitness:  a  longitudinal  study.  Aznat.  Space 
Environ.  Med.,  61,  201-204. 
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Abstract  A  longitudinal  study  evalu¬ 
ated  the  susceptibility  to  motion  sickness  in 
initially  unfit  subjects  before  and  after  an 
endurance  training  program.  Motion  stimula¬ 
tion  was  provided  by  the  Precision  Angular 
Mover,  in  which  the  subject  was  tumbled 
head  over  heels  about  an  Earth-horizontal 
axis  at  20  cycles  per  minute  in  darkness. 
Maximal  aerobic  power  and  the  blood  lac¬ 
tate  response  to  submaximal  exercise  were 
evaluated  with  cycle  ergometry.  The  train- 
ing  program  caused  significant  improvements 

in  VOj  max  and  endurance  capacity,  and  a 
significant  decrease  in  percent  body  fat. 

There  was  a  significant  (p  <  0.0125)  increase 
in  motion  sickness  susceptibility  after  the 
physical  training,  suggesting  that  increased 
physical  fitness  caused  increased  susceptibil¬ 
ity  to  motion  sickness  in  some  individuals. 


Cheung,  B.  S.  K.,  Howard,  I.  P.,  &  Money,  K. 
E.  (1990).  Visually  induced  tilt  during 
parabolic  flights.  Exp  Brain  Res,  81,  391-397. 

Abstract  A  hehnet-moimted  visual 
display  system  was  used  to  study  visually 
induced  sensatioris  of  self-motion  (vection) 
about  the  roll,  pitch  and  yaw  axes  imder 
normal  gravity  condition  (Ig)  and  during  the 
microgravity  and  hypergravity  phases  of 
parabolic  flights  aboard  the  NASA  KC-135 
aircraft.  Under  each  gravity  condition,  the 
following  parameters  were  investigated:  (1) 
the  subject's  perceived  body  vertical  with 
eyes  closed  and  with  eyes  open  gazing  at  a 
stationary  random  dot  display;  (2)  the  mag¬ 
nitude  of  sensations  of  body  tilt  with  respect 
to  the  subjective  vertical,  while  the  subject 
viewed  displays  rotating  about  the  roll, 
pitch  and  yaw  axes;  (3)  the  magnitude  of 
vection;  (4)  latency  of  vection.  All  eleven 
subjects  perceived  a  definite  "up  and  down" 
orientation  throughout  the  course  of  the 
flight.  During  the  microgravity  phase,  the 
average  magmtudes  of  perceived  body  tilt 
and  self-motion  increased  significantly,  and 
there  was  no  significant  difference  in  vection 
latency.  These  results  show  that  there  is  a 


rapid  onset  of  increased  dependence  on  visual 
inputs  for  perception  of  self-orientation  and 
self-motion  in  weightlessness,  and  a  de¬ 
creased  dependence  on  otolithic  and  so¬ 
matosensory  graviceptive  information.  Anti¬ 
motion  sickness  drugs  appear  not  to  affect  the 
parameters  measured. 


Fowler,  B.,  Pogue,  J.,  &  Porlier,  G.  (1990). 
P300  latency  indexes  nitrogen  narcosis. 
Electroencephalography  and  Clinical 
Neurophysiology,  75,  221-229. 

Abstract  This  experiment  investi¬ 
gated  the  effects  of  nitrogen  narcosis  on  reac¬ 
tion  time  (RT)  and  P300  latency  and  ampli- 
hide.  Ten  subjects  breathed  either  air  or  a 
non-narcotic  20%  oxygen-80%  helium 
(heliox)  mixture  in  a  hyperbaric  chamber  in 
6.5,  8.3  and  10  atmospheres  absolute  (ATA). 
The  subjects  responded  under  controlled  accu¬ 
racy  conditions  to  visually  presented  male  or 
female  names  in  an  oddball  paradigm. 
Single-trial  analysis  revealed  a  strong  rela¬ 
tionship  between  RT  and  P300  latency,  both 
of  which  were  slowed  in  a  dose-related  man¬ 
ner  by  hyperbaric  air  but  not  by  heliox.  A 
clear-cut  dose-response  relationship  could 
not  be  established  for  P300  amplitude.  These 
results  indicate  that  P300  latency  indexes  ni¬ 
trogen  narcosis  and  are  interpreted  as  support 
for  the  slowed  processing  model  of  inert  gas 
narcosis. 


Ward,  C.  A.,  McCuUough,  D.,  Yee,  D., 
Stanga,  D.,  &  Fraser,  W.  D.  (1990). 
Complement  activation  involvement  in  de¬ 
compression  sickness  of  rabbits.  Undersea. 
Biomed.  Res.,  27(1),  51-66. 

Abstract  A  hypothesis  has  been  pro¬ 
posed  that  claims  much  of  the  phenomena  of 
decompression  sickness  (DCS)  are  mediated 
by  the  complement  system  of  blood  plasma. 
This  "complement  hypothesis"  can  be  used  to 
explain  the  variation  in  susceptibility  of  in- 
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dividuals  to  DCS,  including  the  phenomena 
of  acclimatization  and  de-acclimatization. 
In  this  study,  certain  predictions  of  the  com¬ 
plement  hypothesis  were  examined  by  expos¬ 
ing  rabbits  to  a  particular  pressure  profile; 
some  were  observed  to  have  symptoms  of 
DCS  and  some  showed  none.  Those  that  were 
observed  to  have  symptoms  were  also  foimd 
to  have  native  complement  systems  that 
were  activated  by  air  bubbles,  and  those  that 
did  not  show  symptoms  of  DCS  when  exposed 
to  the  same  pressure  profile  had  native  com¬ 
plement  systems  that  were  not  activated  by 
air  bubbles.  Rabbits  that  had  shown  symp¬ 
toms  of  DCS  the  first  2  times  that  they  were 
exposed  to  the  pressure  profile  could  be  ac¬ 
climatized  to  the  pressure  profile  by  phar¬ 
macologically  decomplementing  them  in 
vivo.  After  being  decomplemented,  they 
showed  no  symptoms  of  DCS  when  they  were 
exposed  to  the  same  pressure  profile  for  a 
third  time.  When  the  decomplemented  rab¬ 
bits  were  allowed  to  remain  inactive  for  a 
period  of  time  that  was  sufficient  to  allow 
their  complement  systems  to  return  to  normal, 
after  having  been  decomplemented,  and  were 
then  subjected  to  the  pressure  profUe  for  the 
fourth  time,  they  were  each  again  observed 
to  have  symptoms  of  DCS,  i.e.,  they  became 
de-acclunatized  when  their  complement  sys¬ 
tems  had  returned  to  their  native  sensitiv¬ 
ity.  These  results  provide  further  experi¬ 
mental  support  for  the  complement  hypothe¬ 
sis. 


Wolfe,  L.  A.,  Dafoe,  W.  A.,  Hendren- 
Roberge,  E.  A.,  &  Goodman,  L.  S.  (1990). 
Cardiovascular  rehabilitation  in  Ontario 
(Canada)./.  Cardiopul.  Rehabil,  10,  130- 
140. 

Abstract  Hospitals,  YM-YWCAS,  re¬ 
gional  health  units,  and  university  physical 
education  and  athletics  departments  (n  = 
423)  were  surveyed  to  determine  the  number 
and  locations  of  existing  cardiovascular  re¬ 
habilitation  units  (CRUs).  A  total  of  43 
CRUs  were  identified  by  these  inquiries  and 


135  additional  institutions  expressed  interest 
in  future  establishment  of  a  CRU.  Hospitals 
and  medical  clinics  (n  =  25)  were  the  most 
common  sponsoring  institutions  for  CRUs,  fol¬ 
lowed  by  YM-YWCAs  (n  =  10),  community  or¬ 
ganizations  (n  =  5)  and  university  physical 
education/kinesiology  departments  (n  =  3). 
Contact  persons  at  37  of  the  43  existing  CRUs 
subsequently  completed  and  returned  written 
questionnaires  which  described  their  unit's 
status  and  operating  procedures.  The  replies 
suggested  the  following  conclusions:  (1)  an 
outpatient  (OP)  exercise  program  was  the 
most  commonly  offered  program  component; 

(2)  nutritional  counseling,  stress  management, 
smoking  cessation  programs,  and  exercise 
programs  for  inpatients  were  also  frequently 
offered;  (3)  the  majority  of  patients  treated 
were  post-myocardial  infarction  and  post- 
cardiac  surgery  patients,  with  lesser  numbers 
of  angina  and  coronary-prone  patients;  (4) 
adequate  facilities  and  equipment  were  usu¬ 
ally  available;  (5)  considerable  variability 
existed  regarding  qualifications  of  staff  and 
methods  for  enhancing  staff  education;  (6)  re¬ 
spondents  were  often  imfamiliar  with  the 
CASS/ACSM  Exercise  Specialist 
Certification  program,  and  few  certified  in¬ 
dividuals  were  employed;  and  (7)  health  in¬ 
surance  and  professional  liability  insurance 
coverage  were  often  inadequate,  suggesting 
an  urgent  need  for  development  of  a 
Canadian  procedural  guidelines  and  better 
commimication  among  practitioners  in  this 
field. 


1991 

Buick,  F.,  &  Porlier,  J.  A.  G.  (1991). 
Oxyhemoglobin  saturation  following  rapid 
decompression  to  18,288  m  (60,000  ft)  pre¬ 
ceded  by  diluted  oxygen  breathing.  Aviat. 
Space  Environ.  Med.,  62,  1119-1126. 

Abstract  This  investigation  studied 
oxyhemoglobin  saturation  Sa02  and  cardio¬ 
vascular  indices  after  rapid  decompression 
(RD).  Before  RD,  fractional  inspired  02  con- 
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centration  FI02  simulated  the  range  of  prod¬ 
uct  gas  from  molecular  sieve  02  generating 
systems  (MSOGS).  Four  subjects  breathed  1.0 
-  0.80  FI02  at  6,858  m.  After  decompression 
to  18,288  m,  the  subjects  received  1.0  FI02  at 
a  positive  pressure  of  70  mm  Hg  for  3  min. 
There  were  no  incidents  of  severe  hypoxia. 
The  mean  Sa02  was  98.0%  before  RD.  After 
RD,  Sa02  was  maintained  at  the  pre-RD 
level  for  8  sec,  decreased  rapidly  over  the 
next  10  sec,  and  over  the  rest  of  tt\e  first  min 
decreased  more  gradually  to  reach  approxi¬ 
mately  82%.  Varying  FI02  before  RD  had  no 
effect  on  the  alteration  in  Sa02,  heart  rate, 
stroke  index,  and  blood  pressure  after  RD. 

The  MSOGS  02  product  range  offers  ade¬ 
quate  protection  against  hypoxia  during  RD 
to  18,288  m. 


Campbell,  P.,  Cheng,  R.,  &  Fraser,  W.  D. 
(1991).  Physiological  response  induced  by  the 
environment  model  (PRIEM).  In  K.  D.  Held, 
C.  A.  Brebbia,  &  R.  D.  Ciskowski  (Eds.), 
Computers  in  Biomedicine,  (pp.  23-33). 
Southampton;  Computational  Mechanics 
Publications. 

Abstract  The  purpose  of  this  project  is 
to  design  and  develop  a  computer  program  to 
simulate  the  respiratory,  cardiovascular, 
and  certain  cerebral  responses  of  pilots  sub¬ 
jected  to  stresses  imposed  by  the  operating 
environment  of  high  performance  aircraft 
The  project  work  consists  of  four  Phases. 
Phases  I  and  2  are  completed.  The  Phase  2 
implementation  simulates  blood  circulation, 
pulmonary  gas  exchange,  and  internal  respi¬ 
ration  using  a  cardiorespiratory  model  de¬ 
veloped  by  Hardy  et  al,  Lab  VIEW  and 
think  C  software  on  a  Macintosh  Hci  com¬ 
puter. 


Cheung,  B.  S.  K,  &  Howard,  I.  P.  (1991). 
Optokinetic  torsion:  d)m[amics  and  relation  to 
circularvection.  Vision  Research,  31(7-8), 
1327-1335. 


Abstract  Continuous  records  of  optoki¬ 
netic  torsion  to  sinusoidal  inputs  were  ob¬ 
tained  using  the  electromagnetic  scleral 
search-coil  technique.  We  measured  the  gain 
and  phase  lag  of  optokinetic  torsion  in  re¬ 
sponse  to  a  spherical  visual  display  rotating 
steadily  at  various  angular  velocities  and  si¬ 
nusoidally  at  frequencies  from  0.2  to  2.0  Hz 
and  at  amplitudes  from  10  to  80  deg.  Gain 
(peak  slow-phase  eye  velocity  over  stimulus 
angular  velocity)  of  up  to  0.12  were  obtained 
with  stimulus  frequencies  of  0.2  Hz  and  de¬ 
clined  to  an  average  value  of  about  0.02  at  a 
frequency  of  2.0  Hz.  Phase  lag  was  virtually 
zero  at  a  frequency  of  0.2  Hz  and  increased  to 
over  80  deg  at  2.0  Hz.  The  records  from  the 
sinusoidal  stimuli  show  very  few  quick 
phases.  With  increasing  stimulus  ampli¬ 
tudes,  the  amplitude  of  the  response  in¬ 
creased  by  its  gain  declined.  We  foimd  no  ev¬ 
idence  of  torsional  after-nystagmus  nor  any 
relation  between  the  torsional  response  and 
reports  of  vection  or  sensation  of  body  tilt  in¬ 
duced  by  the  rotating  display.  Torisional  op¬ 
tokinetic  nystagmus  is  most  suited  to  compen¬ 
sate  for  low-amplitude,  low-frequency  s,timu- 
lus  rotation  and  normally  supplements  tor¬ 
sion  induced  by  head  tilt. 


Cheung,  B.  S.  K.,  Howard,  I.  P.,  &  Money,  K. 
E.  (1991).  Visually-induced  sickness  in 
normal  and  bilateral  labyrinthine-defective 
subjects.  Aviat.  Space  and  Environm  Med,  62, 
527-531. 

Abstract  A  group  of  nine  normal  sub¬ 

jects  (with  no  overt  vestibular  dysfunction) 
and  a  group  of  6  bilaterally  labyrinthine-de¬ 
fective  subjects  were  exposed  to  a  visual  field 
rotating  about  an  Earth-horizontal  axis 
(orthogonal  to  the  gravity  axis).  The  visual 
stimulus  was  provided  by  a  3-m  diameter 
sphere  with  random  dots  rotating  at  30, 45, 
and  60  degrees  per  second  (°/s)  about  the  sta¬ 
tionary  subject's  roll,  pitch  and  yaw  axes. 

The  subject's  head  was  positioned  at  fhe  cen¬ 
ter  of  the  sphere  such  that  it  experienced 
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apparent  motion  in  all  three  axes.  Results 
indicated  that  in  the  normal  group,  s3Tnp- 
toms  of  motion  sickness  were  reported  in  21  of 
27  test-trials.  When  labyrinthine-defective 
subjects  were  exposed  to  the  roll  and  pitch 
stimulus,  no  sickness  symptoms  were  reported 
or  observed.  These  results  strongly  suggest 
that  the  vestibular  system  is  necessary  for 
sickness  induced  by  moving  visual  fields. 


Davidson,  R.  A.,  Beevis,  D.,  Buick,  F., 
Donati,  A.  L.  M.,  Kantor,  L.,  Bannister,  S.  H. 
R.,  Brook,  E.  A.,  Rochefort,  J.  A.  P.,  &  Turner, 
J.  R.  (1991).  Human  factors  in  the  CF-18  pilot 
environment  (DCIEM  91-11).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

^stract  A  review  of  human  factors  in 
the  CF-18  pilot  environment  was  undertaken. 
Over  300  human  factors  issues  were  initially 
identified  from  the  scientific  literature,  the 
1  Air  Division  and  Fighter  Group  safety  sur¬ 
veys,  and  discussions  with  military  and 
civilian  flight  safety /human  factors  experts. 
Eighty-eight  (88)  of  the  issues  most  relevant 
to  CF-18  operations  were  selected  and 
grouped  under  five  functional,  or  "Factor," 
headmgs;  Aircraft,  Aircraft  Operations, 
Training,  Squadron  Personnel,  and 
Organizational.  Issues  were  evaluated  using 
a  questionnaire  and  interview  format. 

One  hundred  and  sixty-one  (161)  ac¬ 
tive  CF-18  pilots  took  part  in  the  survey. 

They  were  asked  to  assess,  from  a  squadron 
perspective,  the  current  effect  of  each  issue 
on  two  parameters:  flight  safety  and  opera¬ 
tional  effectiveness.  Each  issue  was  rated  on 
a  scale  ranging  from  very  beneficial  to  very 
detrimental.  Ratings  were  analyzed  using 
the  non-parametric  procedure  of  dual  scaling. 

Issues  within  the  Aircraft  and 
Aircraft  Operations  groups  were  divided  al¬ 
most  equally  between  the  beneficial  and  neu- 
toal  categories.  Most  of  the  Training  Factor 
issues  were  rated  as  beneficial.  Among  the 
issues  within  the  Squadron  Personnel  Factor, 
comparable  numbers  received  beneficial,  neu¬ 
tral  and  detrimental  ratings.  One-quarter  of 


the  issues  within  the  Organizational  group 
were  rated  as  detrimental,  with  most  of  the 
remainder  rated  as  neutral.  In  general,  issues 
beneficial  to  flight  safety  were  also  benefi¬ 
cial  to  operational  effectiveness.  Similarly, 
issues  rated  as  detrimental  to  flight  safety  ' 
were  also  rated  as  detrimental  to  opera¬ 
tional  effectiveness. 

Cause  and  effect  models  were  devel¬ 
oped  to  explain  the  ratings.  These  models 
support  the  opinion  that  the  greatest  threats 
to  flight  safety  and  operational  effective¬ 
ness  are  the  decreasing  level  of  flying  expe¬ 
rience  in  the  squadrons,  and  inadequate  man¬ 
ning  levels. 

Twenty-eight  (28)  specific  conclu¬ 
sions  are  made,  in  the  areas  of  the  human- 
machine  system,  aircraft  operations,  train¬ 
ing,  personnel  and  organizational  policies, 
and  workload  in  the  squadrons.  Twenty-five 
(25)  specific  recommendations  for  improving 
flight  safety  and  operational  effectiveness 
are  presented  in  the  areas  of  organizational 
policies,  training  programmes,  and  the  hu¬ 
man-machine  system. 


Landolt,  J.  P .  (1991).  La  protection  des  pilotes 
militaires  centre  les  effets  de  la  haute 
altitude  et  des  accelerations  elevees. 

Medecine  Aeronautique  et  Spatiale, 
XXX(120),  482-485. 

Abstract  The  papers  presented  at  the 
Spring  1991 AGARD/ AMP  Symposium  on 
"High  Altitude  and  High  Acceleration 
Protection  of  Military  Aircrew"  emphasized 
the  importance  of  soimd  basic  knowledge  in 
imderstanding  the  pathophysiology  of  de¬ 
compression  sickness  and  the  consequences  of 
high  accelerations  in  high  performance  air¬ 
craft  military  pilots. 

The  use  of  mathematical  and  animal 
models  provides  a  new  approach  of  the 
mecharusms  of  ebulhsm  and  tissue  damage 
during  decompression;  especially  as  it  relates 
to  the  nervous  system. 

When  applied  to  the  assessment  of  the  con¬ 
sequences  of  high  acceleration  (i.e.  over  >  6 
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Gz)  on  circulatory  and  respiratory  systems, 
this  knowledge  will  enable  a  reduction  in  the 
incidence  of  G-LOC,  more  efficient  anti-G 
straining  manoeuvres,  and,  consequently,  an 
increased  pilot  tolerance  to  Gz. 

The  current  wearing  of  anti-G  gar¬ 
ments  including  ATAGS  and  COMBAT  EDGE, 
the  US  Air  Force's  new  positive  pressure 
breathing  system,  also  requires  a  better  im- 
derstanding  of  the  short  and  long  term  effect 
of  positive  pressure  breathing  in  combination 
with  high  acceleration  on  lung  function.  This 
will  result  in  new  designs  and  in  an  increase 
in  reliability  and  safety  of  on-board  oxygen 
generation  systems,  for  better  tolerance  and 
greater  protection  of  military  aircrew  for 
these  specific  hazards. 


McKenzie,  D.  C.,  Goodman,  L.  S.,  Nath,  C., 
Davidson,  B,,  Matheson,  G.,  Parkhouse,  W., 
Hochochka,  P.,  Allen,  P.,  Stanley,  C.,  & 
Ammann,  W.  (1991).  Cardiovascular 
adaptations  in  Andean  natives  after  6  wk  of 
exposure  to  sea  level./.  Appl  Physiol,  70, 
2650-2655. 

Abstract  Six  male  Quechua  Indians 

(34.0  ±  1.1  yr,  159.5  ±  2.1  cm,  60.5  ±  1.6  kg), 
life-long  residents  of  La  Raya,  Peru  (4,350  m 
altitude  with  an  average  barometric  pressure 
of  460  Torr),  were  studied  using  noninvasive 
methods  to  determine  the  structural  and  func¬ 
tional  changes  in  the  cardiovascular  system 
in  response  to  a  6-wk  deacclimation  period  at 
sea  level.  Cardiac  output,  stroke  volume, 
and  left  ventricular  ejection  fractions  were 
determined  using  radionuclide  angiographic 
techniques  at  rest  and  during  exercise  on  a  cy¬ 
cle  ergometer  at  40,  60,  and  90%  of  a  previ¬ 
ously  determined  maximal  O2  consumption. 
Subjects  at  rest  were  subjected  to  two-dimen¬ 
sional  and  M-mode  echocardiograms  and  a 
standard  12-lead  electrocardiogram. 
Hemoglobin  and  hematocrit  were  measured 
on  arrival  at  sea  level  by  use  of  a  Coulter 
Stacker  S"^  analyzer.  After  a  6-wk  deaccli¬ 
mation  period,  all  variables  were  remea¬ 
sured  using  the  identical  methodology. 


Hemoglobin  values  decreased  significantly 
over  the  deacclimation  period  (15.7  ±  1.1  to 
1.35  ±  1.2  g/dl:  P  <  0.01),  The  results  indicate 
that  the  removal  of  these  high-altitude- 
adapted  natives  from  4,300  m  to  sea  level  for 
6-wk  results  in  only  minor  changes  to  the  car¬ 
diac  structure  and  function  as  measured  by 
these  noninvasive  techniques. 


Money,  K.  E.,  &  Cheung,  B.  S.  K.  (1991). 
Alterations  of  proprioceptive  function  in  the 
weightless  environment.  /.  of  Clinical 
Pharmacology,  31(10),  1007-1009. 

Abstract  The  alterations  of  proprio¬ 

ceptive  function  in  the  weightless  environ¬ 
ment  will  be  discussed.  The  proprioceptive 
function  is  the  function  of  those  sensory  sys¬ 
tems  that  have  their  sensory  receptors  in 
muscles,  tendons,  and  joints.  These  receptors 
function  as  part  of  the  system  that  gives  us 
perception  of  where  limbs  are,  positions,  an¬ 
gles  and  motions,  and  so  on.  Proprioceptors 
also  assist,  independently  of  anything  that 
is  conscious,  to  provide  reflex  control  of  limbs 
generally,  in  the  aid  of  maintaining  body 
balance  and  posture. 


Moore,  J.  B.,  Tabborok,  B.,  &  Fraser,  W.  D. 
(1991).  Finite  element  modeling  of  sustained 
+Gz  acceleration  induced  stresses  in  the 
human  ventricle  myocardium.  In  AGARD 
Conference  Proceedings,  516.  High  Altitude 
and  High  Acceleration  Protection  for 
Military  Aircrew,  Pensacola,  Florida: 

North  Atlantic  Treaty  Organization. 

Abstract  Due  to  reports  of  endocardial 
hemorrhaging  and  myofibrillar  degradation 
in  swines  undergoing  high  sustained  +Gz  ac¬ 
celerations,  questions  axis  as  to  the  possibil¬ 
ity  of  cardiac  tissue  damage  in  humans  sub¬ 
jected  to  similar  +Gz  forces.  Non-invasive 
cardiological  techniques  used  during  experi¬ 
ments  seem  too  insensitive  to  provide  suffi¬ 
cient  data  to  determine  the  presence  of  any 
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localized  cardiac  daraage.  In  addition,  these 
tests  involve  some  risk  to  the  subject.  Hence, 
there  exists  the  need  for  a  model  to  predict 
possible  tissue  damage  under  high  sustained 
+Gz  accelerations.  This  paper  presents  the 
development  of  such  a  model  for  the  analysis 
of  +Gz  induced  stresses  in  the  human  ventri¬ 
cle  myocardium.  The  model  is  based  on  the 
finite  element  method  where  the  effects  of 
finite  displacements,  large  strains  and  non¬ 
linear  nearly  incompressible  material  be¬ 
haviour  are  accounted  for.  When  experi¬ 
ments  cannot  be  justified  the  computational 
model  can  provide  valuable  quantitative 
(gross  distortions  and  predicted  stresses) 
data  on  the  effects  of  +Gz  induced  stresses  in 
humans.  Ultimately,  the  goal  is  to  provide 
some  form  of  cardiac  risk  assessment  for  pi¬ 
lots  of  high  performance  aircraft. 


Paul,  M.  (1991).  Asymmetric  visual  deficits 
at  high  sustained  Gz.  Aviat.  Space  Environ. 
Med.,  62{6),  573-574. 

Abstract  Occasionally,  acceleration 

research  personnel  see  an  individual  who  ex¬ 
periences  consistent  asymmetric  visual 
deficits  at  high  sustained  Gz  (HSG). 
Recently,  one  such  centrifuge  research  subject 
from  this  laboratory  was  investigated  with 
transcranial  doppler  sonography.  The  re¬ 
sults  indicate  an  abnormal  circle  of  WiUis 
which  could  explain  the  asymmetric  visual 
deficit  at  HSG. 


Ward,  C.  A.,  Yee,  D.,  McCullough,  D.,  & 
Fraser,  W.  D.  (1991).  Bubble  nucleation 
threshold  of  decomplemented  plasma.  In 
AGARD  Conference  Proceedings.  516.  High 
Altitude  and  High  Acceleration  Protection 
for  Military  Aircrew,  (pp.  2.1  -  2.4). 
Pensacola,  Florida:  North  Atlantic  Treaty 
Organization. 

Abstract  Previous  work  has  indicated 

that  rabbits  that  are  more  susceptible  to  de¬ 


compression  sickness  (DCS)  are  also  more  sen¬ 
sitive  to  complement  activation  by  air  bub¬ 
bles,  and  further  that  rabbits  can  be  pro¬ 
tected  from  DCS  if  they  are  pharmacologi¬ 
cally  decomplemented  before  they  are  sub¬ 
jected  to  the  pressure  profile.  We  have  in¬ 
vestigated  a  possible  means  by  which  de¬ 
complementing  a  rabbit  could  protect  it  from 
DCS.  Since  DCS  is  thought  to  be  produced  by 
bubbles  that  are  formed  in  the  tissues  of  an 
animal  because  of  its  tissues  becoming  over¬ 
saturated  with  dissolved  gas  as  the  animal 
imdergoes  a  pressure  profile,  we  have  inves¬ 
tigated  the  possibility  that  decomplement¬ 
ing  an  animal  protects  it  from  DCS  by  making 
it  more  difficult  to  form  bubbles  in  one  of  the 
tissues  of  primary  concern,  blood  plasma. 

This  investigation  was  performed  with  three 
test  liquids:  1)  water,  2)  native  rabbit 
plasma,  and  3)  decomplemented  rabbit 
plasma.  We  find  that  the  threshold  for  bub¬ 
ble  nucleation  in  water  is  greater  than  that 
in  either  plasma  or  decomplemented  plasma, 
but  we  do  not  find  any  difference  between  the 
nucleation  threshold  of  the  two  types  of 
plasma.  Thus  the  indications  are  that  the 
protection  from  DCS  that  results  from  de- 
complementmg  a  rabbit  does  not  appear  to 
develop  because  of  a  change  in  the  nucleation 
threshold  of  the  decomplemented  plasma. 


1992 

Bain,  B.,  Jacobs,  L,  &  Buick,  F.  (1992).  Effect 
of  simxilated  air  combat  manoeuvring  on 
muscle  glycogen  and  lactate.  Aviat.  Space 
Environ.  Med.,  63,  505-509. 

Abstract  Miiscle  glycogen  and  muscle 
and  blood  lactate  were  evaluated  before  and 
after  a  +4.0/7.0  Gz  simulated  air  combat  ma¬ 
noeuvring  (SACM)  protocol  in  the  human  cen¬ 
trifuge.  The  subjects  were  8  healthy  males, 
age  25-43  y.  Muscle  glycogen  and  lactate  were 
determined  from  biopsies  of  m.  vastus  later¬ 
alis  in  6  subjects  and  whole  blood  lactate  was 
analyzed  in  finger-tip  blood  samples  from  8 
subjects.  G-tolerance  time  was  256  ±  33  s 
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(Mean  ±  SEM).  The  decrease  in  glycogen  con¬ 
centration  averaged  81  ±  36  mmol  •  kg"^  dry 
wt.  (p=0.07).  The  rate  of  glycogen  utilization 
was  low,  averaging  0.4  ±  0.1  mmol  •  •  s“ 

^  .  Muscle  lactate  increased  significantly 
from  28  ±  2  mmol  •  kg'^  dry  wt  pre-SACM  to 
51  ±  4  mmol  •  kg’l  postiSACM.  Post-SACM 
blood  lactate  was  4.2  +  0.3  mmol  •L"^  . 
Neither  final  blood  nor  muscle  lactate  values 
nor  the  difference  between  pre  and  post 
SACM  muscle  lactate  concentrations  were  re¬ 
lated  to  G-tolerance  time.  It  was  concluded 
that  glycogen  availability  in  m.  vastus  lat¬ 
eralis  is  not  a  limiting  factor  during  exposure 
to  headward  acceleration  of  this  type  and 
duration.  The  lactate  values,  while  high, 
cannot  fully  explain  the  muscular  fatigue  oc¬ 
curring  during  centrifuge  exposures  of  the 
type  used  here.  Therefore,  the  suggestion  by 
others  that  anaerobic  energy  metabolism  in 
skeletal  muscles  is  the  crucial  factor  limiting 
the  ability  to  resist  fatigue  during  exposure 
SACM  is  not  supported  and  is  likely  an  over¬ 
simplification  of  a  much  more  complex  prob¬ 
lem. 


Buick,  F.  (1992).  Advanced  +Gz  protection 
systems  and  their  physiologic  bases.  The 
Physiologist.,  (Suppl.)  35,  S158-S161. 

Abstract  This  paper  discusses  the 

known  physiologic  bases  of  advanced  meth¬ 
ods  for  protecting  against  the  effects  of 
headward  acceleration  (+Gz).  The  physio¬ 
logic  effects  of  +Gz  leading  to  reductions  in 
blood  pressure  at  head  level  are  presented 
first.  The  second  section  discusses  current 
anti-G  systems.  The  hypertensive  benefits  of 
the  anti-G  straining  maneuver  and  of  the  G- 
suit  are  due  to  increases  in  peripheral  vascu¬ 
lar  resistance.  The  final  section  discusses 
how  greater  coverage  G-suits  and  positive 
pressure  breathing  can  improve  +Gz  toler¬ 
ance.  Greater  coverage  G-suits  delivering  up 
to  3  +Gz  of  protection  were  already  avail¬ 
able  during  the  late  1940's  and  provide  the 
basis  for  current  efforts  to  improve  on  the 
standard  5-bladder  design.  Positive  pressure 


breathing  increases  blood  pressure  but  the 
full  potential  of  this  method  awaits  devel¬ 
opment  of  the  optimum  pressure  schedule. 


Buick,  F.,  Hartley,  J.,  &  Pecaric,  M.  (1992). 
Maximum  intrathoracic  pressure  with  anti-G 
straining  maneuvers  and  positive  pressure 
during  +Gz.  Aviat.  Space  Environ.  Med.,  63, 
670-676. 

Abstract  Positive  pressure  breathing 

during  -tGz  (PBG)  and  anti-G  straining  ma¬ 
neuvers  (AGSM)  each  improve  +Gz  tolerance 
by  increasing  blood  pressure  through  in¬ 
creases  in  intra-thoracic  pressure,  but  the 
maximal  intra-thoracic  pressure  from  their 
combined  effect  is  not  known.  Six  subjects  per¬ 
formed:  (i)  maximal  AGSM  at  +1  Gz;  (ii)  as¬ 
sisted  PBG  (constant  60  mm  Hg)  at  +Gz  ;  (iii) 
submaximal  AGSM  at  +Gz  (enough  to  main¬ 
tain  peripheral  vision);  (iv)  maximal  AGSM 
at  +Gz;  and  (v)  combined  PBG  and  maximal 
AGSM  at  +Gz.  They  wore:  TLSS 
mask/helmet  ensemble,  CSU-15/P  G-suit, ' 
and  TLSS-style  jerkin.  Intra-thoracic  pres¬ 
sure  was  measured  with  a  catheter  tip  pres¬ 
sure  transducer  in  the  esophagus  (Pes).  The 
change  in  gastric  pressure  was  also  measured 
(APga).  For  both  Pes  and  APga,  there  were 
no  significant  differences  among  experimen¬ 
tal  conditions  (i),  (iv)  and  (v).  Group  mean 
Pes  and  APga  in  these  3  conditions  were  139 
and  197  mm  Hg,  respectively.  The  similar 
results  between  maximal  AGSM,  and  maxi¬ 
mal  AGSM  and  PBG  are  explained  by:  (i) 
limited  support  from  the  thoracic  counter¬ 
pressure  garment,  and  (u)  the  characteristics 
of  the  respiratory  system. 


Cheung,  B.,  Money,  K.,  Howard,  L,  Kirienko, 
N.,  Johnson,  W.,  Lackner,  J.,  Dizio,  P.,  & 
Evanoff,  J.  (1992).  Human  ocular  torsion 
during  parabolic  flights  -  an  analysis  with 
scleral  search  coils.  Exp.  Brain  Res.,  90(1), 
180-188. 
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Abstract  Rotation  of  the  eyes  about 
the  visual  axis  is  known  as  ocular  torsion.  A 
lateral  inclination  (a  "roll")  of  the  head  in¬ 
duces  ocular  torsion  in  the  opposite  direction, 
a  response  known  as  ocular  counterrolling. 

For  six  subjects,  we  recorded  the  static  (head 
still)  and  dynamic  (head  in  oscillatory  roll 
motion)  ocular  torsion  in  normal  Ig  condition 
and  also  during  the  microgravity  and  hyper¬ 
gravity  periods  of  parabolic  flight,  using  the 
electromagnetic  scleral  search  coil  technique. 
With  the  head  still,  the  direction  and  mag¬ 
nitude  of  torsion  that  occurred  in  response  to 
microgravity  and  hypergravity  differed  sub¬ 
stantially  from  one  individual  to  another, 
but  there  was  a  significant  difference  in  tor¬ 
sional  magnitude  between  the  microgravity 
and  hypergravity  periods,  for  all  static 
head  positions  including  the  upright  posi¬ 
tion. 

Under  normal  1  g  conditions,  counter¬ 
rolling  compensated  for  about  16%  of 
(voluntary)  static  head  roll,  while  dynamic 
coxmterroU  was  much  larger,  up  to  36%  of 
head  roll  at  0.55  Hz.  With  increasing  fre¬ 
quency  of  head  oscillation  between  0.33  Hz 
and  0.55  Hz,  the  gain  of  counterrolling  in¬ 
creased  and  there  was  no  change  in  the  phase 
relationship.  The  gain  of  dynamic  counter¬ 
roll  (in  response  to  voluntary  head  rolling) 
was  not  significantly  less  in  hypogravity, 
suggesting  that  on  the  ground  at  these  fre¬ 
quencies  the  contribution  of  gravity  and  grav¬ 
ity  receptors  to  this  reflex  is  redundant:  this 
reflex  is  probably  driven  by  the  semicircular 
canals.  In  some  subjects,  the  torsional  dis¬ 
placement  in  microgravity  is  accompanied  by 
micro-torsional  oscillatory  motion. 


Cheung,  B.  S.  K.,  &  Money,  K.  E.  (1992).  The 
influence  of  age  on  susceptibility  to  motion 
sickness  in  monkeys./,  of  Vestibular 
Research,  2,  247-255. 

Abstract  A  longitudinal  study  on  the 

effects  of  age  on  the  susceptibility  to  motion 
sickness  in  the  squirrel  monkey ,  was  carried 
out  over  a  10-year  period  (1982-91).  The  typ¬ 


ical  life-span  of  squirrel  monkeys  is  15  years. 
Ten  mature  male  squirrel  monkeys  of  the 
Bolivian  subspecies  were  found  to  be  suscep¬ 
tible  to  motion  sickness  induced  by  a  combina¬ 
tion  of  vertical  oscillation  at  0.5  Hz  and  hor¬ 
izontal  rotation  at  25  rpm  in  a  visually  unre¬ 
stricted  environment.  Signs  of  motion  sick¬ 
ness  were  quantified  according  to  a  rating 
scale  based  on  Graybiel's  diagnostic  criteria. 
Latency  to  vomiting/ retching  and  severity  of 
sickness  obtained  from  year  1  (baseline),  3,  5, 
7  and  10  were  subjected  to  repeated-measures 
design  analysis.  There  were  no  significant 
differences  in  the  susceptibility  level  (as 
measured  by  latency  to  vomiting/ retching)  in 
the  monkeys  throughout  the  10  year  period. 
The  habituation  to  7  consecutive  daily  expo¬ 
sures  remained  the  same  throughout  the 
same  period.  We  conclude  that,  in  the  squir¬ 
rel  monkeys,  there  is  no  change  in  suscepti¬ 
bility  to  motion  sickness  with  aging.  Our 
data  suggest  that  it  is  not  age  that  has  an  ef¬ 
fect  on  susceptibility,  but  rather  the  devel¬ 
opment  of  behavioural  strategies  for  coping 
with  provocative  motion. 


Cheung,  B.  S.  K.,  Money,  K.  E.,  Kohl,  R.,  & 
Kinter,  L.  (1992).  Investigation  of  anti¬ 
motion  sickness  drugs  in  the  squirrel  monkey. 
/.  of  Clinical  Pharmacology,  32,  163-175. 

Abstract  Early  attempts  to  develop  an 

animal  model  for  anti-motion  sickness  drugs, 
using  dogs  and  cats,  were  unsuccessful.  Dogs 
did  not  show  a  beneficial  effect  of  scopo¬ 
lamine  (probably  the  best  single  anti-motion 
sickness  drug  for  humans  thus  far)  and  the 
findings  in  cats  were  not  definitive.  The  au¬ 
thors  have  developed  an  animal  model  using 
the  squirrel  monkey  (Saimiri  sciureus)  of  the 
Bolivian  phenotype.  Unrestrained  monkeys 
in  a  small  lucite  cage  were  tested  in  an  appa¬ 
ratus  that  induces  motion  sickness  by  combin¬ 
ing  vertical  oscillation  and  horizontal  rota¬ 
tion  in  a  visually  unrestricted  laboratory  en¬ 
vironment.  Signs  of  motion  sickness  were 
scored  using  a  rating  scale.  Ten  susceptible 
monkeys  (weighing  800-1000  g)  were  given  a 
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total  of  five  tests  each,  to  establish  the  base- 
line  susceptibility  level.  Based  on  the  anti- 
cholingeric  activity  of  scopolamine,  the  sen¬ 
sitivity  of  squirrel  monkey  to  scopolamine 
was  investigated,  and  the  appropriate  dose 
of  scopolamine  for  this  species  was  deter¬ 
mined.  Then  various  anti-motion  sickness 
preparations  were  administered  in  subse¬ 
quent  tests:  100  mg  scopolamine  per  monkey; 
140  mg  dexedrine;  50  mg  scopolamine  plus  70 
mg  dexedrine;  100  mg  scopolamine  plus  140 
mg  dexedrine;  3  mg  promethazine;  3  mg 
promethazine  plus  3  mg  ephedrine.  All 
these  preparations  were  significantly  effec¬ 
tive  in  preventing  motion  sickness  in  the 
monkeys.  Ephedrine,  by  itself,  which  is 
marginally  effective  in  humans,  was  ineffec¬ 
tive  in  the  monkeys  at  the  doses  tried  (0.3- 
6.0  mg).  The  squirrel  monkey  appears  to  be  a 
good  animal  model  for  antimotion  sickness 
drugs.  Peripherally  acting  antihistamines 
such  as  astemizole  and  terfenadine  were 
found  to  be  ineffective,  whereas  flunarizine, 
and  an  arginine  vasopressin  VI  antagonist, 
showed  significant  activity  in  preventing 
motion  sickness. 


Day,  D.  R.  (1992).  Partial  Compliance 
Testing  of  Automotive  Infant  Restraint 
Systems  to  Canadian  Motor  Vehicle  Safety 
Standard  213.1  (1992).  (DCIEM  92-58). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  test  procedures  and  re¬ 

sults  of  a  series  of  impacts  using  the  Impact 
Study  Facility's  HyGe  crash  simulator  are 
presented.  This  study  was  a  portion  of  a  con¬ 
tract  with  Transport  Canada  imdertaken  in 
1991.  The  objective  was  to  determine  the 
compliance  of  all  commercially-available 
automotive  infant  carriers  in  Canada,  ac¬ 
cording  to  the  regulations  for  buckle  and  dy¬ 
namic  testing  only,  in  the  Canadian  Motor 
Vehicle  Safety  Standard  (CMVSS)  213.1, 
"Infant  Seating  and  Restraint  Systems".  The 
pertinent  regulations  for  infant  carrier  com¬ 
pliance  are  given,  and  the  test  procedures 


that  were  adopted  for  each  regulation  of  the 
standard  are  explained.  The  method  of  in¬ 
terpreting  the  regulations  is  given  in  detail, 
along  with  recommendations  proposed  by 
DCIEM  for  amendments  to  the  standard,  and 
to  the  laboratory  test  procedures.{Remainder 
deleted  on  account  of  PB  security  rating) 


Ducharme,  M.  B.,  &  Tikuisis,  P.  (1992). 
Convective  heat  transfer  from  blood  in  hu¬ 
man  forearm  during  cold  water  immersion.  In 
K.  R.  Diller  &  A.  Shitzer  (Eds.),  Macroscopic 
and  Microscopic  Heat  and  Mass  Transfer  in 
Biomedical  Engineering,  (pp.  169-178).  New 
York:  Elsevier  Press. 

Abstract  The  limbs  contribute  about 
half  of  the  total  body  heat  loss  during  cold 
water  immersion  in  absence  of  shivering.  It 
has  been  reported  that  the  major  portion  of 
heat  loss  from  the  limbs  (70  to  80%)  is  at¬ 
tributed  to  the  local  metabolic  heat  produc¬ 
tion  of  the  tissue,  and  that  the  balance  origi¬ 
nates  from  the  convective  heat  transfer  be¬ 
tween  blood  and  tissue  These  results,  how¬ 
ever,  contrast  with  recent  data  obtained  in 
our  laboratory  which  indicate  a  greater  role 
to  the  convective  heat  transfer  during  cold 
water  immersion.  The  objective  of  the  pre¬ 
sent  study  was  to  investigate  the  relative 
contribution  of  convective  heat  transfer  in 
the  forearm  to  the  total  forearm  heat  loss 
during  cold  water  immersion.  Each  subject 
immersed  his  forearm  for  3  hours  in  a  well- 
stirred  water  bath  maintained  at  20°C.  At 
the  end  of  the  3-h  immersion  when  a  steady- 
state  tissue  temperature  condition  was 
achieved,  an  arterial  cuff  fixed  on  the  distal 
portion  of  the  upper  arm  was  inflated  to  250 
mmHg  for  30  min  to  occlude  completely  the 
arterial  blood  supply  to  the  forearm.  The 
heat  loss  from  six  evenly  spaced  locations  on 
the  forearm  (distal  ventral  and  dorsal,  me¬ 
dial  ventral  and  dorsal,  and  proximal  ven¬ 
tral  and  dorsal  portions  of  the  forearm)  were 
recorded  continuously  by  using  recalibrated 
heat  flux  transducers.  The  data  show  that  at 
the  end  of  the  30  min  of  arterial  occlusion. 
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the  forearm  heat  loss  had  decreased  by  an 
average  of  43%  for  the  proximal  locations,  by 
64  %  for  the  medial  locations,  and  by  82%  for 
the  distal  locations  on  the  forearm.  These 
reductions  in  heat  loss  represent,  respec¬ 
tively,  transitions  of  57,  86,  and  98%  towards 
steady-state.  Steady-state  values  of  heat 
loss  were  estimated  by  applying  the  rule 
for  metabolic  heat  production.  These  results 
suggest  that  the  major  portion  (-80%)  of  the 
forearm  heat  loss  during  cold  water  immer¬ 
sion  originates  from  the  convective  heat 
transfer  between  blood  and  tissue,  which  is  in 
opposition  with  the  previously  reported 
values. 


Goodman,  L.,  Fraser,  W.  D.,  Eastman,  D.  E., 

<&  Ackles,  K.  N.  (1992).  Cardiovascular 
Responses  to  positive  pressure  breathing 
using  the  Tactical  Life  Support  System. 
Aviat,  Space  Environ.  Med.^  63,  662-669. 

Abstract  The  improved  protection  af¬ 

forded  by  the  Tactical  Life  Support  System 
(TLSS)  vs.  other  partial  pressure  ensembles 
has  not  been  reported  with  respect  to  the 
cardiovascular  effects  of  positive  pressure 
breathing  (PPB).  Nine  seated  subjects  wear¬ 
ing  TLSS  were  exposed  to  30, 50  and  70  mmhg 
PPB  (breathing  air)  with  4  x  this  pressure  in 
the  G-suit.  Experiments  were  conducted  at 
groimd-level  in  order,  separated  by  4  minutes 
rest  and  preceded  by  a  1  min.  control  period. 
Stroke  and  Cardiac  volumes  (SV,  CO)  were 
determined  by  impedance  cardiography. 
MAP  was  directly  related  to  PPB  level,  in¬ 
creasing  by  23%,  32%  and  47%  for  each  PPB 
level,  respectively  (P  <  .01).  HR,  SV  and  CO 
were  imaffected  after  4  min.  of  30, 50,  and  70 
mmhg  PPB.  The  results  indicate  that  car¬ 
diovascular  function  decay  is  less  severe  than 
that  reported  using  other  PPB  ensembles  at 
similar  PPB  levels.  Improved  protection  is 
most  likely  due  to  the  greater  pressurization 
of  the  G-suit  and  the  45%  greater  bladder 
coverage  in  the  leg  bladders,  leading  to  re¬ 
stored  venous  return  and  SV. 


Goodman,  L.  S.,  Walters,  M.  B.,  &  McKenzie, 
D.  C.  (1992).  Inotropic  medication  causes 
shift  in  exercise  anaerobic  threshold  in 
chronic  heart  failure  patients.  Am,  /. 

Noninvas.  Cardiol,  6,  28-43. 

Abstract  To  determine  if  the  gas  ex¬ 

change  anaerobic  threshold  (GeAT)  is  al¬ 
tered  by  increases  in  cardiac  function,  7 
chronic  heart  failure  (CHF)  patients  (age 
56.4  ±  7.6  years)  were  studied  by  withdrawal 
and  subsequent  reintroduction  of  inotropic 
medication,  digoxin,  to  evaluate  the  sensi¬ 
tivity  and  feasibility  of  utilizing  GeAT  dur¬ 
ing  exercise  testing  as  an  additional  marker 
of  improved  cardiac  function.  Treadmill 
tests  using  a  modified  Naughton  treadmill 
protocol  were  done  1  week  apart.  Blood  sam¬ 
pling  was  done  prior  to  each  exercise  session 
to  determine  digoxin  levels.  Expired  gases 
were  collected  using  an  automated  metabolic 
measurement  cart.  GeAT  was  determined  by 
examination  of  the  plots  of  O2  consumption 

(  VO2)  versus  minute  ventilation  (Vp),  as 
well  as  end-tidal  O2  and  CO2.  Dead 
space/tidal  volume  ratios  (Vj^/Vp)  were 
calculated  from  expired  gas  variables  at 
submaxknal  and  peak  exercise  levels.  Peak 
exercise  rate  pressure  product  increased  from 

18.7  to  22.7  bpm  X  mm  Hg  X 10"^  on,  digoxin. 
VO2  peak  and  relative  GeAT  (GeAT^-gj) 
were  mchanged  with  digoxin  (1.50  ±  0.58  to 
1.60  ±  0.48  Imin"^,  and  from  70.3  ±  14.6  to 

76.7  ±11.3%  of  VO2  peak,  respectively). 
Absolute  GeAT  (GeATg^Pg)  increased  from 
1.07  ±  0.39  to  1.23  ±  0.39  1-min-i  (p  <  0.01) 
when  on  digoxin.  No  changes  in  Vj)/ Vp  were 
observed  at  submaximal  versus  maximal  ex¬ 
ercise,  nor  with  digoxin,  suggesting  that  al¬ 
tered  ventilation/perfusion  imbalances  were 
not  related  to  the  increased  Vp  and  GeAT 
during  exercise  under  the  off-  or  on-digoxin 
conditions.  These  data  suggest  that  al¬ 
though  VO2  peak  remains  relatively  un¬ 
changed  with  digoxin,  the  increase  in 
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(reflecting  postponed  skeletal  naus- 
cle  anaerobic  raetabolism)  might  constitute  a 
more  sensitive  noninvasive  marker  of 
changes  in  blood  flow  and  exercise  capacity 

in  CHF  patients  than  VOj  peak.  Since  peak 
systolic  blood  pressure  increased  on  digoxin, 
GeAT  might  reflect  increased  myocardial 
function. 


Landolt,  J.  P.,  Light,  I.  M.,  Greenen,  M.  G.,  & 
Monaco,  C.  (1992).  Seasickness  in  totally- 
enclosed  motor-propelled  survival  craft: 

Five  offshore  oil  rig  disasters.  Aviat.  Space 
Environ.  Med.,  63,  138-144. 

Abstract  Five  mobile  offshore  drilling 

unit  disasters — Alexander  L.  Kielland, 
Ocean  Ranger,  Vinland,  Ocean  Odyssey,  and 
Rowan  Gorilla  I — were  studied  to  assess  the 
degree  to  which  seasickness  occurs  and  en¬ 
dangers  the  lives  of  occupants  of  totally-en¬ 
closed  motor-propelled  survival  craft 
(TEMPSC).  Thousands  of  other  peacetime 
marine  incidents  were  reviewed  and  a  litera¬ 
ture  search  was  conducted  to  assess  the  same 
seasickness  problem.  The  one  reported  death 
in  the  Vmland  abandonment  appears  to  be 
the  only  one  that  could  be  associated,  even 
remotely,  with  seasickness.  It  cannot  be  es¬ 
tablished  whether  or  not  seasickness  con¬ 
tributed  to  the  cause  of  death  in  the  case  of 
the  Ocean  Ranger  victims,  but  it  did  occur  in 
75%  or  more  of  TEMPSC  occupants  in  the 
other  four  rig  disasters.  It  has  occurred  both 
in  relatively  calm  waters  of  1-m  wave 
height  and  in  severe  seas  of  15-m  height. 
Evacuees  in  an  intact  TEMPSC  are  able  to 
survive  many  hours  of  severe  seas;  conse¬ 
quently,  they  should  not  be  rescued  xmtil  the 
weather  and  sea  conditions  improve. 
Moreover,  practical  survival  training  and 
good  leadership  is  a  principal  cornerstone  in 
the  amelioration  of  seasic^ess. 


Landolt,  J.  P.,  &  Monaco,  C.  (1992). 
Seasickness  in  totally-enclosed  motor-pro¬ 
pelled  survival  craft:  Remedial  measures. 
Aviat.  Space  Environ.  Med.,  63,  219-225, 

Abstract  Totally-enclosed  motor-pro¬ 
pelled  survival  craft  (TEMPSC)  are  used  to 
evacuate  the  crews  of  mobile  offshore 
drilling  units  in  emergencies.  The  small  size 
and  flat  bottom  of  the  TEMPSC  pre-dispose 
most  occupants  to  seasickness,  even  in  rela¬ 
tively  calm  waters.  This  paper  discusses  ef¬ 
forts  required  to  improve  the  well-being  of 
occupants  in  terms  of  reducing  seasickness, 
dehydration,  hypothermia,  anxiety,  and  the 
other  factors  that  contribute  to  loss  of  comfort 
and  the  will  to  survive.  Specific  recommen¬ 
dations  include  the  provision  of  climatic  con¬ 
trol  to  regulate  temperature,  remove  odors 
and  provide  fresh  air;  potable  water,  elec¬ 
trolytes,  and  survival  rations;  and  an  ample 
supply  of  motion  sickness  bags. 

Overcrowding  should  be  avoided.  Anti-  mo¬ 
tion-sickness  drug  therapy  to  control  vomit¬ 
ing  should  be  administered  in  two  ways:  ini¬ 
tial  injection  of  intramuscular  scopolamine 
for  fast  action  followed  by  a  transdermal  ear 
patch  for  long-term  protection.  Leadership 
and  seasickness  management  should  be  requi¬ 
site  survival  training  for  all  oil  rig  workers. 


MacDougall,  J.  D.,  McKelvie,  R.  S.,  Moroz,  D. 
E.,  Sale,  D.  G.,  McCartney,  N.,  &  Buick,  F. 
(1992).  Factors  affecting  blood  pressure 
during  heavy  weightlifting  and  static 
contractions.  J.  Appl.  Physiol,  73,  1590-1597. 

Abstract  Brachial  arterial  pressure 
was  directly  recorded  in  31  healthy  male 
volunteers  through  protocols  examining  the 
effects  of  the  Valsalva  maneuver,  muscle 
size  and  strength,  contraction  force,  contrac¬ 
tion  type  (concentric,  isometric,  eccentric), 
changes  in  joint  angle,  and  muscle  fatigue  on 
the  blood  pressure  response  to  resistance  exer¬ 
cise.  Weight  lifting  at  the  same  relative  in¬ 
tensity  produced  similar  increases  in  blood 
pressure,  regardless  of  individual  differences 
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in  muscle  size  or  strength.  Concentric,  isomet¬ 
ric,  or  eccentric  exercise  at  the  same  relative 
intensity  caused  similar  increases  despite 
differences  in  force  production.  In  weight 
lifting,  the  greatest  increase  in  blood  pres¬ 
sure  occurred  at  the  joint  angle  corresponding 
to  the  weakest  point  in  the  strength  curve 
and  the  least  at  the  angle  corresponding  to 
the  strongest  point.  Isometric  contractions  of 
the  same  relative  intensity  at  different  joint 
angles  produced  identical  blood  pressure  de¬ 
spite  differences  in  absolute  force  production. 
When  subjects  attempted  to  maintain  a  max¬ 
imum  isometric  contraction  for  45  s,  the  blood 
pressure  increase  remained  the  same  despite 
a  marked  diminution  in  force.  Thus  the  mag¬ 
nitude  of  the  blood  pressure  response  depends 
on  the  degree  of  effort  or  central  command 
and  not  actual  force  production.  A  brief 
Valsalva  maneuver,  which  exaggerates  the 
increase  in  blood  pressure,  is  unavoidable 
when  desired  force  production  exceeds  -80% 
maximum  voluntary  contraction. 


Paul,  M.,  &  Gray,  G.  W.  (1992).  The  Effect  of 
Captopril  on  Tolerance  to  +Gz.  Aviat.  Space 
Environ.  Med.,  63,  706-708. 

Abstract  Recently,  there  has  been  con¬ 

siderable  interest  in  whether  or  not  captopril 
can  be  used  to  treat  hypertensive  pilots 
without  compromising  their  operational  ef¬ 
ficiency.  A  counterbalanced  double  blind 
crossover  protocol  was  used  to  administer  25 
mg  of  captopril  or  placebo  b.i.d.  in  identical 
capsules  to  7  fit  normo-tensive  subjects  from 
the  acceleration  research  panel.  The  five 
males  and  two  females  took  each  course  of 
capsules  for  four  days  prior  to  G-tolerance  as¬ 
sessment  and  waited  one  week  for  drug  wash¬ 
out  after  assessment  on  their  first  condition 
prior  to  commencement  of  the  second  course  of 
capsules.  The  subjects  did  not  wear  G-suits. 
The  group  G-tolerances  are  listed  as  mean  ± 
sem;  during  relaxed  gradual  onset  runs  (GOR) 
3.89  ±  .14  on  placebo  and  3.60  ±  .10  on  capto¬ 
pril  (p=.03,  paired  t-test).  Corresponding  re¬ 
sults  for  relaxed  rapid  onset  runs  (ROR)  were 


3.36  ±  .17  on  placebo  and  3.33  ±  .18  on  capto¬ 
pril  (p=.21,  Wilcoxon  signed  ranks  test).  The 
straining  tolerances  during  GOR  runs  were 
7,21  ±  .25  on  placebo  and  6.83  ±  .27  while  on 
captopril  (p=.05,  paired  t-test).  Given  the 
relatively  low  dosage  and  the  significant 
compromise  of  G-tolerance  on  both  relaxed 
and  straining  GOR  runs,  the  use  of  captopril 
in  fighter  aircrew  is  contra-indicated. 
However,  pending  the  results  of  comprehen¬ 
sive  research  into  the  performance  conse¬ 
quences  of  captopril  on  such  parameters  as 
reaction  time,  vigilance,  and  logical  reason¬ 
ing,  captopril  may  prove  to  be  acceptable  for 
use  in  transport  and  helicopter  aircrew. 


Pecaric,  M.,  &  Buick,  F.  (1992). 
Determination  of  a  pressure  breathing  sched¬ 
ule  for  improving  +Gz  tolerance.  Aviat. 

Space  Environ.  Med.,  63,  572-578. 

Abstract  A  base  of  empirical  data  for 

developing  optimal  pressure  breathing  dur¬ 
ing  +Gz  (PBG)  schedules  is  lacking.  Relaxed 
+Gz-intensity  tolerance  with  PBG  was  mea¬ 
sured  during  gradual  +Gz-onset  rate  cen¬ 
trifuge  profiles  using  standard  lightbar  crite¬ 
ria.  Constant  PBG  levels  ranging  from  18-73 
mm  Hg  were  randomly  assigned.  G-suit  pres¬ 
sure  followed  the  standard  or  an  increased 
inflation  schedule.  Nine  subjects  wore  a 
jerkin,  CSU-15/P  G-suit,  and  TLSS  helmet 
and  mask.  With  mean  mask  cavity  pressures 
of  0, 18, 38, 60,  and  73  mm  Hg,  corresponding 
+Gz-tolerances  (mean  ±  sem)  were:  +5.3  ±  0.2, 
+5.8  ±  0.1,  +6.6  ±  0.2,  +7.3  ±  0.3,  and  +7.5  ±  0.3 
Gz  (linear  correlation,  r=0.994).  Increased  G- 
suit  pressure  did  not  change  the  +Gz-toler- 
ance  improvement  with  PBG.  The  inverse  of 
individual  subject  regression  slopes  ranged 
from  22.6  to  58.1  mm  Hg/ +Gz.  Considering 
additional  factors  and  adequate  +Gz  protec¬ 
tion  for  all  subjects  while  relaxed,  the  pro¬ 
posed  schedule  would  apply  42  mm  Hg 
PBG/+Gz  beginning  at  +3.3  Gz  with  a  maxi¬ 
mum  pressure  of  at  least  73  mm  Hg. 
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1993 

Case,  C.,  Cheimg,  B.,  Fry,  M.,  Garshnek,  V., 
Money,  K.,  Smith,  G.,  Uri,  J.,  & 
Winisdoerffer,  F.  (1993).  Human  factors  and 
physiological  aspects  of  the  Mars  mission. 
Acta  Astronautica,  31,  73-85. 

Abstract  An  interplanetary  space 

flight  or  habitation  of  a  foreign  planet  for 
long  durations  can  subject  the  crew  to  debili¬ 
tating,  injurious  and  possibly  fatal,  stresses. 
Some  of  these  stresses  are  radiation,  hy- 
pogravity,  isolation/confinement,  toxicity, 
and  mission  specific  environmental  condi¬ 
tions.  In  order  to  be  sure  that  the  mission  has 
a  high  probability  of  succeeding,  it  will  be 
necessary  to  expand  human  knowledge  of 
these  stresses  and  their  effects  over  time  be¬ 
fore  undertaking  such  a  flight.  At  the  pre¬ 
sent  time,  upon  return  to  Earfh  after  long  du¬ 
ration  flights,  Soviet  cosmonauts  have  been 
imable  to  stand  or  walk  and  are  routinely  car¬ 
ried  away  on  stretchers.  Better  physical 
condition  will  be  required  of  astronauts  upon 
landing  on  Mars. 

The  planning  for  the  mission  should  also  in¬ 
clude  consideration  of  habitability  of  the 
environments,  crew  selection  and  perfor¬ 
mance,  sociological  issues,  life  support,  envi¬ 
ronmental  health,  and  management  of  crises 
and  illnesses.  The  accepted  level  of  risk 
(possibly  3%  risk  of  catastrophe)  needs  to  be 
decided.  We  must  realize  that,  inherently, 
risk  cannot  be  totally  eliminated  and  should 
not  be  denied;  missions  should  be  designed 
with  prudent  levels  of  risk.  The  best  way  to 
manage  the  levels  of  risk  for  a  mission  is  to 
understand  the  environment  and  the  condi¬ 
tions  of  that  mission,  how  a  human  will  be 
affected  by  and  perform  in  that  environment, 
and  the  mitigating  benefits  of  control  mea¬ 
sures. 


Cheung,  B.  S.  K.,  Money,  K.  E.,  &  Howard,  I. 
P.  (1993).  Human  gaze  instability  during 
brief  exposure  to  reduced  gravity.  /. 

Vestibular  Res.,  4(1),  17-27. 

Abstract  The  stability  of  gaze  in  three 

dimensions  (horizontal,  vertical  and  tor¬ 
sional)  was  investigated  with  the  electro¬ 
magnetic  scleral  search  coil  technique  during 
the  microgravity  phase  of  parabolic  flights 
under  two  visual  fixation  conditions:  fixation 
on  a  real  target  and  on  an  imagined  target. 
Subjects  were  secured  upright  with  the  head 
immobilized  by  a  dental  bite.  There  were 
torsional  eye  movements  in  response  to  the 
imposition  of  reduced  gravitoinertial  forces 
under  both  visual  fixation  conditions.  The 
pattern  of  these  movements  was  consistent 
with  our  previous  findings  on  six  other  sub¬ 
jects.  No  significant  horizontal  eye  move¬ 
ments  were  observed  in  either  fixation  condi¬ 
tion.  Under  the  condition  of  fixation  on  an 
imagined  target,  direction-specific  vertical 
nystagmus  was  observed  with  slow  phase  di¬ 
rected  upwards  during  transition  from  hjqjer- 
gravity  to  microgravity.  The  slow  phase 
was  directed  downwards  during  transition 
from  microgravity  to  hypergravity,  al¬ 
though  the  nystagmus  was  of  lower  frequency 
and  the  magnitude  of  the  slow  phase  veloc¬ 
ity  appeared  to  be  smaller  than  during  tran¬ 
sition  from  hypergravity  to  microgravity. 

The  vertical  eye  movements  could  be  at¬ 
tributed  to  a  change  of  otolithic  stimulation 
along  the  subject's  z  axis  since  the  rate  of 
pitch  rotation  of  the  aircraft  during 
parabolic  flight  was  too  slow  to  produce  an 
effective  canal  input.  These  kinds  of  reflex 
eye  movements  could  degrade  vision  during 
manoeuvres  or  turbulence  in  flight 


Goodman,  L.  S.  (1993).  Physiological  pro¬ 
tection  for  aircrew  at  high  altitude;  A  re¬ 
view  of  the  literature.  (DCIEM  93-13). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 
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Abstract  The  greater  performance 
characteristics  of  modem  fighter  aircraft  al¬ 
low  attainment  of  extreme  altitude  ceihngs. 
However,  the  technology  of  hypoxia  protec¬ 
tion  for  aircrew  during  emergency  cabin  de¬ 
compression  is  only  now  beginning  to  keep 
pace.  In  fact  the  altitude  performance  of 
modem  fighter  aircraft  is  limited  by  their 
1950's-generation  oxygen  systems.  In  this  re¬ 
view  paper,  the  basic  physiology  of  hypoxia 
and  reduced  barometric  pressure  is  first  re¬ 
viewed.  The  use  of  positive  pressure  breath¬ 
ing  (PPB)  for  emergency  hypoxia  protection, 
sufficient  to  allow  the  pilot  to  maintain  use¬ 
ful  consciousness  until  the  aircraft  is  rapidly 
descended  to  safe  altitudes,  is  then  discussed 
in  a  historical  perspective.  The  gas-ex¬ 
change  physiology  and  mechanisms  whereby 
the  correction  or  amelioration  of  hypoxia  is 
achieved  are  explained,  followed  by  de¬ 
tailed  discussion  of  the  pulmonary  and  car¬ 
diovascular  dismptions  caused  by  PPB.  The 
means  whereby  these  are  prevented,  namely 
by  thoracic  coimterpressurisation  and  G-suit 
inflation,  are  reviewed.  More  recently  de¬ 
veloped  PPB  garment  technologies,  specifi¬ 
cally  studies  which  have  demonstrated  im¬ 
proved  optimization  of  thoracic  and  G-suit 
coimterpressurisation  and  PPB-syncope  pre¬ 
vention  are  reviewed.  Finally,  a  short  dis¬ 
cussion  forecasting  future  trends  in  PPB  gar¬ 
ment  research  and  development  is  presented. 


Goodman,  L.  S.,  Fraser,  W.  D.,  Ackles,  K.  N., 
Mohn,  D.,  &  Pecaric,  M.  (1993).  Effect  of 
extending  G-suit  coverage  on  cardiovascular 
responses  to  positive  pressure  breathing. 
Aviat.  Space  Environ.  Med,  64,  1101-1107. 

Abstract  The  purpose  of  this  study 
was  to  compare  cardiovascular  responses  of 
subjects  exposed  to  long-duration  positive 
pressure  breathing  (PPB)  while  wearing  a 
standard  (Combat  Edge;  CE)  vs.  extended 
coverage  (Tactical  Life  Support  System; 
TLSS)  anti-G  suit.  Twelve  experienced  sub¬ 
jects  wearing  TLSS  and  CE,  were  separately 
exposed  to  coimterbalanced  60,  70, 80  and  88 


mmHg  PPB  for  up  to  10  continuous  minutes. 
Termination  resulted  if  pre-syncopal  symp¬ 
toms  arose.  G-suit  inflation  was  4  x 
mask/jerkin  pressure.  Using  TLSS,  all  subjects 
completed  10  minutes  of  PPB  at  all  levels,  vs. 
7  and  5  subjects  completing  10  minutes  at  80 
and  88  mmHg  using  the  CE  ensemble,  respec¬ 
tively  (P<  .001).  Heart  rate  was  signifi¬ 
cantly  elevated  at  aU  PPB  levels  using  CE  (P 
<.0001)  vs.  TLSS.  Stroke  and  Cardiac  Indexes 
were  significantly  lower  with  CE  at  all  lev¬ 
els  vs.  TLSS  (P<  .0001),  and  mean  arterial 
blood  pressure  failed  to  be  maintained  at  the 
80  and  88  PPB  mmHg  levels  using  CE 
(P<.0001).  Extended  anti-G  suits  afford  supe¬ 
rior  protection  against  PPB-induced  cardio¬ 
vascular  dysfunction  vs.  standard  ensembles 
and  consequently  permit  use  of  higher  levels 
of  PPB.  This  is  due  to  the  larger  and  more 
uniform  application  of  pressure  in  the  leg  G- 
suit  bladders,  augmenting  venous  return  and 
stroke  volume. 


MacDougall,  J.  D.,  McKelvie,  R.  S.,  Moroz,  D. 
E.,  Moroz,  J.  S.,  &  Buick,'F.  (1993).  The  effects 
of  variations  in  the  anti-G  straining 
maneuver  on  blood  pressure  at  +Gz 
acceleration.  Aviat.  Space  Environ.  Med.,  64, 
126-131. 

Abstract  The  increase  in  blood  pres¬ 

sure  provided  by  the  standard  AGSM  is 
caused  by  both  the  contraction  of  the  muscles 
of  the  lower  body  and  by  an  increased  in- 
trathoracic  pressure  due  to  a  respiratory 
straining  (Valsalva)  maneuver.  This  study 
examined  the  relative  effectiveness  and  fa- 
tiguability  of  the  2  components  at  -i-lGz  and 
then  at  +Gz  acceleration  in  a  human  cen¬ 
trifuge.  Brachial  arterial  pressure  was 
recorded  from  a  pressure-tip  transducer  in  6 
subjects  performing  isometric  leg  presses  only 
and  on  a  separate  occasion  while  performing 
respiratory  straining  only.  Measurements 
were  made  over  a  range  of  intensities  for  the 
leg  press  contractions  and  Valsalva  maneu¬ 
vers  and  were  conducted  at  +1  Gz  and  during 
slow  and  rapid  onset  runs  up  to  +5  Gz  in  a  hu¬ 
man  centrifuge.  Blood  pressure  was  also 
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recorded  during  pulsing  or  intermittent  con¬ 
tractions  of  the  legs.  We  fovmd  it  difficult  to 
completely  separate  the  blood  pressure  re¬ 
sponse  to  the  leg  press  component  from  that  of 
the  respiratory  straining  alone  component, 
since  a  moderate  respiratory  straining  ma¬ 
neuver  usually  also  accompanied  forceful  con¬ 
tractions  of  the  legs.  We  conclude,  however, 
that  more  than  half  of  the  elevation  in  blood 
pressure  caused  by  the  AGSM  can  be  at¬ 
tributed  to  contraction  of  the  muscles  of  the 
lower  body  and  that  this  component  is  less 
fatiguing  than  the  respiratory  straining 
component.  At  +1  Gz,  a  pulsing  isometric  con¬ 
traction  of  the  legs  was  no  more  effective  in 
elevating  blood  pressure  than  a  constant  iso¬ 
metric  contraction  over  the  same  duration. 


Pecaric,  M.,  Buick,  F.,  &  Maloan,  J.  (1993). 
Computer  control  of  an  electro-mechanical 
regulator  for  providing  positive  pressure 
breathing  and  an  electronic  G-valve  for 
human  +Gz  research.  (DCIEM  93-05). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  Electronic  G-valves  and 
breathing  regulators  are  being  incorporated 
into  some  life-support  systems  designed  for 
aircrew  protection.  The  utility  of  these  elec- 
troruc  systems,  however,  has  not  reached  its 
full  potential  in  the  research  environment. 
An  electronically  controlled  G-valve  and 
electro-mechanical  breathing  regulator  were 
obtained.  A  prototype,  computer-controlled 
life-support  system  interface  was  developed 
in  the  laboratory  and  evaluated  in  the  cen¬ 
trifuge.  The  interface  was  used  to  provide 
different  schedules  for  G-suit  inflation  and 
positive  pressure  breathing  during  +Gz 
(PBG).  Output  pressures  from  both  a  G-valve 
and  breathing  regulator  were  driven  by  a 
voltage  proportional  to  the  centrifuge  +Gz 
level  (from  a  computer  running  instrument- 
controller  software)  supplied  to  the  system's 
electronic  control  urut.  The  required  voltages 
were  calculated  from  the  pressure  schedule 
defined  from  the  following  parameters:  (i) 


cut-in  -i-Gz  level;  (ii)  A  in  pressure/A+Gz;  and 
(iii)  peak  pressure  of  the  schedule.  Any  G- 
suit  pressure  or  PBG  pressure  schedule  could 
be  produced.  The  schedules  and  the  perfor¬ 
mance  of  the  G-valve  and  breathing  regula¬ 
tor  were  also  evaluated  at  different  +Gz  on¬ 
set  rates  (0.1  and  3.0  +Gz/ sec).  G-suit  pres¬ 
sure  and  PBG  level  accurately  tracked  the 
+Gz  level.  The  pressure  began,  increased, 
and  attained  the  peak  level  required  in  both 
gradual  and  rapid  +Gz  onset  conditions  for 
all  schedules  tested.  The  outputs  of  both  G- 
valve  and  breathing  regulator  reached  the 
maximum  pressure  within  0.2  sec  of  reaching 
the  peak  +Gz  level.  The  greatest  tracking 
errors  occurred  during  onset  to  peak  -i-Gz  with 
3.0  -i-Gz/sec  profiles.  Most  of  this  error  was 
attributed  to  the  slow  response  of  the  con¬ 
troller  software.  Improvements  in  the  speed 
of  the  controller  via  alterations  in  software 
and/ or  hardware  are  necessary  to  minimize 
tracking  error  produced  by  rapid  onset  rates 
of  acceleration.  Simultaneous  control  of  both 
PBG  and  G-suit  schedules  using  a  single  com¬ 
puter  controller  would  be  ideal.  A  computer- 
controlled  life-support  system  interface 
would  facilitate  investigations  optimizing 
PBG  and  / or  G-suit  pressure  schedules,  or  any 
other  inflation  schedule  utilized  by  various 
anti-G  systems. 


1994 

Bain,  B.,  Jacobs,  I.,  &  Buick,  F.  (1994). 
Electromyographic  indices  of  muscle  fatigue 
during  simulated  air  combat  manoeuvring. 
Aviat.  Space  Environ.  Med.,  65,  193-198. 

Abstract  Pilots  exposed  to  high  levels 
of  headward  (+Gz)  acceleration  must  per¬ 
form  voluntary  muscle  contractions  in  order  to 
maintain  head-level  arterial  pressure.  To 
study  the  possibility  that  muscular  fatigue 
can  limit  man's  +Gz  duration  tolerance,  elec¬ 
tromyographic  (EMG)  activity  and  EMG  in¬ 
dices  of  muscular  fatigue  were  measured  dur¬ 
ing  a  simulated  air  combat  manoeuvring 
(SACM)  centrifuge  profile.  Eight  experi- 
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enced  male  volunteers  were  exposed  to  a  +4- 
7Gz  centrifuge  profile  imtil  volitional  fa¬ 
tigue.  Electrical  activity  (EMG)  was 
recorded  in  7  muscles:  biceps  brachii  (BB), 
latis-simus  dorsi  (LD),  pectoralis  major 
(PM),  rectus  abdominis  (RA),  vastus  lateralis 
(VL),  biceps  femoris  (BF)  and  gastrocnemius 
(GN).  EMG  and  force  during  isometric  con¬ 
tractions  of  the  same  muscles  were  also 
recorded  at  IG.  Root  mean  square  (RMS)  and 
mean  power  frequency  (MPF)  were  calculated 
for  each  second  of  EMG  data.  G-tolerance 
time  averaged  256  +  33  s  (mean  +  SD).  RMS 
activity  was  expressed  relative  to  activity 
during  a  maximal  muscle  contraction.  The 
mean  values  (%)  for  each  muscle  during  the 
7G  plateau  were:  RA,  30.8;  BB,  26.4;  LD, 

44.0;  PM,  48.5;  VL,  43.4;  BF,31.4;  GN,  39.3. 

The  estimated  level  of  contraction  relative 
to  a  MVC  (%)  was:  RA,  36.6;  BB,  30.5;  LD, 

43.9  and  PM,  61.4.  There  was  no  significant 
difference  between  contraction  levels  for  any 
of  the  muscles  studied.  RMS  activity  did  not 
increase  over  time  and  MPF  decreased  signif¬ 
icantly  only  in  BF  and  LD,  however,  these 
decreases  were  small.  EMG  activity  and  es¬ 
timated  contraction  intensities  were  consid¬ 
ered  to  be  low  to  moderate.  These  results  sug¬ 
gest  that  it  is  unlikely  that  fatigue  in  the 
muscles  studied  would  limit  G-tolerance 
time. 


Banks,  R.  D.,  &  Gray,  G.  W.  (1994).  ''Bunt 
Bradycardia":  Two  cases  of  slowing  of  heart 
rate  under  negative  Gz.  Aviat,  Space 
Environ,  Med.,  65,  330-331. 

Abstract  Two  cases  are  presented  of 
Canadian  Forces  pilots  who  experienced  in¬ 
flight  bradycardia  during  15  s  of-1  Gz  accel¬ 
eration.  The  bradycardia  was  characterized 
by  rapid  cardiodeceleration,  stable  brady¬ 
cardia,  then  cardioacceleration  during  recov¬ 
ery  following  the  -Gz  exposure  that  was 
slower  than  the  cardiodeceleration. 

Vagally  mediated  bradycardia  in  humans 
subjected  to  -Gz  acceleration  stress  has  been 
previously  documented  in  laboratory  studies. 


This  bradycardia  may  be  operationally  sig¬ 
nificant  since  it  signifies  the  presence  of 
other  physiological  effects  that  predispose 
aviators  to  reduced  subsequent  +Gz  tolerance. 
Research  to  investigate  the  implications  of 
reduced  +Gz  tolerance  following  -Gz  acceler¬ 
ation  is  warranted. 


Banks,  R.  D.,  Grisset,  J.  D.,  Tumipseed,  G.  T., 
Saunders,  P.  L.,  &  Rupert,  A.  H.  (1994).  The 
"push-pull  effect".  Aviat.  Space  Environ. 
Med.,  65,  699-704. 

Abstract  The  purpose  of  this  study 
was  to  prove  or  refute  previous  authors’  sug¬ 
gestions  that  tolerance  to  +Gz  is  reduced 
when  preceded  by  0  Gz  or  -Gz.  Six  males  and 
six  females  were  subjected  to  one  session  of  ac¬ 
celeration  stresses  that  varied  between  -2 
and  +2.25  Gz  on  the  NAMRL  Coriolis 
Acceleration  Platform  (CAP).  At  the  begin¬ 
ning  and  end  of  each  session,  we  exposed  the 
relaxed  subjects  to  identical  control  segments 
that  were  comprised  of  +1  Gz  for  30  s,  fol¬ 
lowed  by  +2.25  Gz  for  15  s,  and  then  return  to 
+1  Gz.  Subjects  were  also  exposed  to  three 
experimental  segments  that  were  comprised 
of  0,  -1,  or  -2  Gz  for  10  s,  followed  by  +2.25  Gz 
for  15  s,  and  then  return  to  +1  Gz.  Subjects 
verbally  reported  any  decrements  in  periph¬ 
eral  vision  during  exposure  to  +2.25  Gz. 

Blood  pressure  (BP)  was  reduced  during  each 
15-s  period  at  +2.25  Gz.  The  rninimum  BP 
was  progressively  lower  during  the  15-s  pe¬ 
riod  as  the  preexposure  experimental  condi¬ 
tions  became  more  negative  (+1, 0,  -1,  and  -2 
Gz).  Episodes  of  peripheral  vision  loss  in¬ 
creased  as  the  preceding  -Gz  became  more 
negative.  BP  during  exposure  to  +Gz  was  sig¬ 
nificantly  affected  by  the  preceding  10-s  ex¬ 
posure  to  -Gz,  and  is  indicative  of  reduced 
+Gz  tolerance.  As  this  "push-puU  effect" 
may  result  in  imexpected  incapacitation,  it  is 
relevant  to  aviation  safety. 
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Cheung,  B.  S.  K.,  Kohl,  R.  L.,  Money,  K.  E.,  & 
Kinter,  L.  B.  (1994).  Etiological  Significance 
of  Arginine  Vasopressin  (A VP)  in  Motion 
Sickness.  /.  Clin.  Pharmacol,  34,  664-670. 

Abstract  There  is  abundant  evidence 
implicating  the  role  of  arginine  vasopressin 
with  motion  sickness.  The  effects  of  AVP 
analogues  on  motion  sickness  were  investi¬ 
gated  in  squirrel  monkeys.  Two  specific  Vj 
antagonists  (SK&F  100273  and  SK&F  103561) 
and  three  mixed  V1/V2  antagonists  (SK&F 
101926;  SK&F  105494  and  SK&F  104146-D) 
were  tested  on  6  highly  susceptible  monkeys. 
Intravenous  injections  of  200  ug  of  a  Vj  antag¬ 
onist  abolished  emesis  in  all  6  monkeys,  few 
prodromal  symptoms  remained  (latency  to 
emesis  >  120  minutes,  p  <  0.001).  Mixed 
V1/V2  antagonists  failed  to  abolish  emesis 
in  all  monkeys.  However,  there  was  a  slight 
increase  in  the  latency  to  the  first  bout  of 
emesis/retching  with  the  mixed  antagonists 
when  compared  to  the  baseline.  The  dose-re¬ 
sponse  relationship  and  rate  of  onset  of  ac¬ 
tion  of  the  Vi  antagonist  (SK&F  100273) 
were  explored.  Latency  to  the  first  bout  of 
emesis/retching  increased  to  about  twice 
that  of  the  baseline  when  half  of  the  effec¬ 
tive  anti-emetic  dose  was  used.  The  efficacy 
demonstrated  by  the  specific  Vj  antagonists 
suggests  that  Vj  receptors  may  modulate 
emesis. 


Chimg,  D.  W.  J.,  Eizenman,  M.,  Cheimg,  B.  S. 
K.,  &  Frecker,  R.  C.  (1994).  Estimation  of 
Ocular  torsion  with  dynamic  changes  in 
pupil  size.  In  16th  Annual  Internation 
Conference  IEEE  Engineering  in  Medicine  and 
Biology  Society.,  Baltimore,  Maryland: 
IEEE. 

Abstract  The  accuracy  of  estimating 
ocular  torsion  by  the  cross-correlation  tech¬ 
nique  [3]  was  evaluated  in  five  healthy  sub¬ 
jects.  During  the  study,  the  subjects  fbcated  a 
stationary  target  while  their  pupil  size  was 
manipulated  by  increasing/ decreasing  the 


amount  of  light  falling  on  their  retinas.  For 
all  subjects,  ocular  torsion  estimates  had  an 
overall  mean  value  of  0.22°  and  a  standard 
deviation  of  0.89°.  We  suggest  that  the  rea¬ 
sons  for  the  relatively  large  standard  devia¬ 
tions  are:  a.)  physiological  torsional  oscilla¬ 
tions  and  drift  during  fixation  [4];  and  b.)  non- 
radial  movements  of  the  iris  structure  during 
pupil  constriction  and  dilation.  The  non-ra- 
dial  movement  of  the  iris  structure  resulted 
in  different  ocular  torsion  estimates  from  dif¬ 
ferent  regions  of  the  iris.  The  range  of  ocular 
torsion  estimates  from  different  regions  var¬ 
ied  from  0.26°  for  a  15%  increase  in  pupil  ra¬ 
dius  to  as  much  as  3.0°  for  a  90%  increase  in 
pupil  radius. 


Day,  D.  R.  (1994).  Partial  Compliance 
Testing  of  Automotive  Infant  Restraint 
Systems  to  Canadian  Motor  Vehicle  Safety 
Standard  213.1  (1994).  (DCIEM  95-01). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  test  procedures  and  re¬ 
sults  of  a  series  of  impacts  using  the  Impact 
Study  Facility's  HyGe  crash  simulator  are 
presented.  This  study  was  a  portion  of  a  con¬ 
tract  with  Transport  Canada  undertaken  in 
1993.  The  objective  was  to  determine  the 
compliance  of  all  commercially-available 
automotive  infant  carriers  in  Canada,  ac¬ 
cording  to  the  regulations  for  buckle  and  dy¬ 
namic  testing  only,  in  the  Canadian  Motor 
Vehicle  Safety  Standard  (CMVSS)  213.1, 
"Infant  Seating  and  Restraint  Systems".  The 
pertinent  regulations  for  infant  carrier  com¬ 
pliance  are  given,  and  the  test  procedures 
that  were  adopted  for  each  regulation  of  the 
standard  are  explained.  The  method  of  in¬ 
terpreting  the  regulations  is  given  in  detail, 
along  with  recommendations  proposed  by 
DCIEM  for  amendments  to  the  standard,  and 
to  the  laboratory  test  procedures.  All  thir¬ 
teen  carrier  models  tested  met  all  the  stan¬ 
dards  of  the  CMVSS. 
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Day,  D.  R.  (1994).  Partial  Compliance 
Testing  of  Automotive  Child  Restraint 
Systems  to  Canadian  Motor  Vehicle  Safety 
Standard  213  (1993).  (DCIEM  94-14). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  test  procedures  and  re¬ 

sults  of  a  series  of  impacts  using  the  Impact 
Study  Facility’s  HyGe  crash  simulator  are 
presented.  This  study  was  a  portion  of  a  con¬ 
tract  with  Transport  Canada  undertaken  in 
1992.  The  objective  was  to  determine  the 
compliance  of  all  commercially  available 
automobile  child  carriers  in  Canada,  accord¬ 
ing  to  the  regulations  for  buckle  and  dynamic 
testing  only,  in  the  Canadian  Motor  Vehicle 
Safety  Standard  (CMVSS)  213,  "Child 
Restraint  Systems".  The  pertinent  regula¬ 
tions  for  child  carrier  compliance  are  given, 
and  the  test  procedures  which  were  adopted 
for  each  regulation  of  the  standard  are  ex¬ 
plained.  The  method  of  interpreting  the  reg¬ 
ulations  is  given  in  detail,  along  with 
DCIEM  recommended  amendments  to  the 
standard  and  to  the  laboratory  test  proce¬ 
dures.  All  the  carriers  were  tethered  and 
most  were  tested  in  both  their  reclined  and 
upright  modes.  ^Remainder  deleted  on  ac¬ 
count  of  FB  security  rating! 


Day,  D,  R.  (1994).  Partial  Compliance 
Testing  of  Automotive  Child  Restraint 
Systems  to  Canadian  Motor  Vehicle  Safety 
Standard  213  (1994).  (DCIEM  94-54). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  test  procedures  and  re¬ 
sults  of  a  series  of  impacts  using  the  Impact 
Study  Facility's  HyGe  crash  simulator  are 
presented.  This  study  was  a  portion  of  a  con¬ 
tract  with  Transport  Canada  undertaken  in 
1993.  The  objective  was  to  determine  the 
compliance  of  all  commercially  available 
automobile  child  carriers  in  Canada,  accord¬ 
ing  to  the  regulations  for  buckle  and  dynamic 
testing  only,  in  the  Canadian  Motor  Vehicle 


Safety  Standard  (CMVSS)  213,  "Child 
Restraint  Systems".  The  pertinent  regula¬ 
tions  for  child  carrier  compliance  are  given, 
and  the  test  procedures  which  were  adopted 
for  each  regulation  of  the  standard  are  ex¬ 
plained.  The  method  of  interpreting  the  reg¬ 
ulations  is  given  in  detail,  along  with 
DCIEM  recommended  amendments  to  the 
standard  and  to  the  laboratory  test  proce¬ 
dures.  AU  the  carriers  were  tethered  and 
most  were  tested  in  both  their  upright  modes. 
(Remainder  deleted  on  account  of  PR  security 
ratingl 


Day,  D.  R.  (1994).  Partial  Compliance 
Testing  of  Automotive  Infant  Restraint 
Systems  to  Canadian  Motor  Vehicle  Safety 
Standard  213.1  (1993).  (DCIEM  94-17). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  test  procedures  and  re¬ 

sults  of  a  series  of  impacts  using  the  Impact 
Study  Facility's  HyGe  crash  simulator  are 
presented.  This  study  was  a  portion  of  a  con¬ 
tract  with  Transport  Canada  undertaken  in 
1992.  The  objective  was  to  determine  the 
compliance  of  all  commercially-available 
automotive  infant  carriers  in  Canada,  ac¬ 
cording  to  the  regulations  for  buckle  and  dy¬ 
namic  testing  only,  in  the  Canadian  Motor 
Vehicle  Safety  Standard  (CMVSS)  213.1, 
"Infant  Seating  and  Restraint  Systems".  The 
pertinent  regulations  for  infant  carrier  com¬ 
pliance  are  given,  and  the  test  procedures 
that  were  adopted  for  each  regulation  of  the 
standard  are  explained.  The  method  of  in¬ 
terpreting  the  regulations  is  given  in  detail, 
along  with  recommendations  proposed  by 
DCIEM  for  amendments  to  the  standard,  and 
to  the  laboratory  test  procedures. 

(Remainder  deleted  on  account  of  PB  security 
ratingl 
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Fraser,  W.  D.,  Goodman,  L.  S.,  Ackles,  K.  N., 
Mohn,  D.,  &  Pecaric,  M.  (1994). 
Cardiovascular  Responses  with  Standard 
and  Extended  Bladder  Coverage  G-Suits 
During  Rapid  Decompression.  Aviat.  Space 
Environ.  Med.,  65,  209-213. 

Abstract  This  study  compared  the 
cardiovascular  responses  of  subjects  exposed 
to  60,000  ft.  rapid  decompression  while 
wearing  the  Combined  Advanced  Technology 
Enhanced  Design  "G"  Ensemble  (COMBAT 
EDGE  or  CE)  and  the  Tactical  Life  Support 
System  (TLSS).  Eight  subjects  were  rapidly 
decompressed  from  22,500  ft  (6,858  m)  to 
60,000  ft  (18,288  m),  once  wearing  the  CE  en¬ 
semble  and  once  wearing  the  TLSS  ensemble. 
There  were  significant  differences  in  heart 
rate,  stroke  volume,  cardiac  index,  and  mean 
arterial  pressure  (p  <  0.0001),  due  to  garment 
type,  with  TLSS  providing  better  cardiovas¬ 
cular  support.  Oxygen  saturation  did  not  de¬ 
crease  to  the  same  degree  with  CE  as  with 
TLSS  (p  <  0.0001).  Both  TLSS  and  CE  pro¬ 
vided  sufficient  physiological  support  to 
maintain  oxygen  saturation  above  65%  during 
the  3-min  exposures  to  60,000  ft  altitude. 
Short-term  physiological  support  at  higher 
altitudes  with  greater  PPB  levels  or  longer 
duration  excursions  at  60,000  ft  may  not  be 
possible  without  the  greater  G-suit  bladder 
coverage  and  cardiovascular  support  pro¬ 
vided  by  TLSS-type  garments. 


Goodman,  L.  S.,  Freeman,  M.  R.,  Yang,  L., 
Hsia,  T.  W.,  &  Chan,  J.  (1994).  Increased  G- 
suit  coverage  improves  cardiac  preloading 
conditions  dtrring  positive  pressure 
breathing.  Aviat.  Space  Environ.  Med.,  65, 
632-640. 

Abstract  A  miniaturized  nuclear  probe 
(MNP)  and  multiple  gated  cardiac  blood 
pool  imaging  (RCBI)  were  used  to  measure 
left  ventricular  function  during  positive  pres¬ 
sure  breathing  (PPB)  while  wearing  an  ex¬ 
tended-coverage  (EC)  vs.  standard-coverage 
(SC)  anti-G  suit.  Seven  subjects  were  exposed 


to  4.0  and  9.3  kPa  PPB  wearing  both  anti-G 
suits  during  3  minutes  of  PPB  at  ground  level. 
Ejection  fraction  was  unchanged  using  both 
techniques.  The  atrial  component  to  diastolic 
fiUing  was  greater  with  the  SC  suit  (P  <  .02). 
Using  the  MNP,  end-diastolic  and  end-sys¬ 
tolic  volumes  declined  non-linearly  over  time 
at  both  PPB  levels;  these  declines  were  was 
greater  with  the  SC  G-suit  (P  <  .001).  Left 
ventricular  preload  declines  during  PPB. 

This  is  attenuated  with  increased  G-suit  cov¬ 
erage,  confirming  prior  results  using 
impedance  cardiography.  RCBI  is  less  sensi¬ 
tive  than  MNP's  for  measuring  non  steady- 
state  cardiac  physiology  such  as  PPB. 


Goodman,  L.  S.,  Goodman,  J.  M.,  Hsia,  T.  W., 
&  Freeman,  M.  R.  (1994).  Measurement  of  left 
ventricular  function  during  arm  ergometjy 
using  the  VEST  nuclear  probe.  Can.  J.  Appl. 
Physiol,  19(4),  462-471. 

Abstract  A  chest-moimted  left  ven¬ 
tricular  (LV)  nuclear  probe  (VEST™)  for  use 
during  an  arm  and  leg  ergometry  is  presented, 
with  a  discussion  of  the  validity  and  repro¬ 
ducibility  of  LV  function  measures  at  rest  and 
exercise.  During  both  arm  and  leg  ergometry 
in  trained  subjects,  transient  changes  in  LV 
function/ volumes  were  observed.  LV  ejection 
fraction  and  relative  end-systolic  and  end- 
diastolic  volumes  were  25  to  30%  less  with 
the  arms  versus  the  legs,  agreeing  with  data 
from  other  studies  using  conventional  tech¬ 
niques.  At  peak  exercise  with  both  limbs,  LV 
ejection  fraction  and  relative  LV  end-systolic 
volume  increased,  followed  by  immediate 
postexercise  normalization.  The  effect  was 
greatest  with  the  arms  and  reflects  the  effect 
of  high  intramuscular  and  arterial  pressures 
generated  during  arm  cranking,  leading  to  in¬ 
creased  LV  afterloading.  The  VEST™  per¬ 
mits  rapid  and  norunvasive  assessment  of  LV 
function  during  arm  exercise,  avoiding  the 
limitations  of  other  techniques. 
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Paul,  M.,  &  Fraser,  W.  D.  (1994). 
Performance  During  Mild  Acute  Hypoxia. 
Aviat.  Space  Environ.  Med.,  65,  891-899. 

Abstract  The  controversy  regarding 
the  effects  of  mild  hypoxia  on  learning  per¬ 
formance  needs  to  be  resolved,  since  this  may 
be  affecting  flight  operations  and  safety. 
This  study  examined  the  ability  to  learn  new 
tasks  at  low  altitudes.  Naive  subjects  (n  = 
144)  performed  spatial  orientation 
(Manikin),  serial  choice  reaction  time 
(SCRT)  and  logical  reasoning  (Baddeley) 
tasks  at  ground  level  and  at  altitudes  of  1,524 
m  (5,000  ft),  2,438  m  (8,000  ft),  3,048  m  (10,000 
ft),  and  3,658  m  (12,000  ft),  at  rest  or  during 

exercise  (  V O2  =  600  ml  O2  •  min  -1)  in  a  hy- 
pobaric  chamber.  Each  task  was  performed 
over  four  serial  repetitions  (blocks)  and  pre¬ 
sented  at  ground  level  or  one  of  the  four  test 
altitudes  in  a  first  session,  and  in  the  reverse 
order  in  a  second  session.  Performance  for  the 
Manikin  and  SCRT  tasks  improved  signifi¬ 
cantly  (p  <  0.0001  )  over  the  4  blocks.  No  sig¬ 
nificant  difference  was  found  between  the 
corresponding  4  blocks  of  the  first  session  in 
resting  and  exercising  subjects  tested  at 
groimd  level  before  altitude  compared  to  al¬ 
titude  before  groimd  level.  In  general,  RT  for 
the  3  tasks  were  faster  in  resting  than  in  ex¬ 
ercising  subjects.  These  results  indicate  that 
the  ability  to  learn  new  tasks  is  not  impaired 
by  mild  hypoxia  at  altitudes  of  up  to  3,658  m. 
We  detected  a  biphasic  response  to  altitude 
in  LRT  and  SCRT  performance,  but  not  for 
Manikin  performance. 


Pecaric,  M.,  Jackson,  M.  T.,  Frampton,  R.  R., 
Maloan,  J.,  &  Buick,  F.  (1994).  A  prototype 
computer  controlled  life  support  system  for 
independent  regulation  of  G-suit  and  PEG 
pressures.  (DCIEM  94-57).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  Electronic  control  of  the  G- 
valve  and  pressure  breathing  regulator  is  be¬ 
ing  implemented  in  some  advanced  life  sup¬ 
port  systems  used  in  aircrew  protection.  This 


technological  improvement,  however,  has 
not  reached  its  full  potential  in  the  research 
environment.  A  computer-controUed  life 
support  system  interface  providing  pro¬ 
grammable  schedules  for  G-suit  inflation  and 
positive  pressure  breathing  during  +Gz  (PBG) 
was  developed.  Output  pressures  from  a  G- 
valve  and  pressure  breathing  regulator 
(Carleton  Technologies)  were  controlled  by  a 
Macintosh  computer  running  Lab  VIEW  soft¬ 
ware.  Required  pressures  were  determined  as 
functions  of  single  or  multiple  control  inputs 
(i.e.  +Gz  level,  a  pressure  signal,  time,  etc.). 
Subject  safety  was  ensured  via  hardware 
limitations  and  status  checks  incorporated 
into  the  software.  Experiments  conducted  at 
-1-1  Gz  and  at  various  -fGz  levels  evaluated 
the  computer  software-life  support  hard¬ 
ware  interface.  Tests  verified  the  system 
provided  accurate  and  reproducible  G-suit 
and  mask  pressures.  Time  of  inflation,  peak 
pressure  attained,  and  deflation  rate  were 
effectively  controlled  at  all  -i-Gz  levels  using 
open-loop  algorithms.  Independent  control  of 
G-suit  and  PBG  pressures  was  successfully  ac¬ 
complished.  The  ability  to  alter  the  pres¬ 
sure  schedules  independent  of  ^-Gz  or  time  al¬ 
lows  comprehensive  control  over  all  parame¬ 
ters  necessary  to  conduct  acceleration  re¬ 
search  involving  advanced  life  support  sys¬ 
tems. 


1995 

Bain,  B.,  Jacobs,  I.,  &  Buick,  F.  (1995).  Is 
there  central  fatigue  during  simulated  air 
combat  maneuvering?  Aviat.  Space  Environ. 
Med.,  66(1),  1-5. 

Abstract  This  study  tested  the  hy¬ 

pothesis  that  repeated  exposure  to  high  lev¬ 
els  of  -i-Gz  acceleration,  in  conjunction  with 
repeated  execution  of  an  Anti-G  Straining 
Maneuver  (AGSM),  causes  central  fatigue, 
presumably  by  impairing  central  nervous  sys¬ 
tem  (CNS)  function.  We  speculated  that  cen¬ 
tral  fatigue  would  impair  the  ability  to  re¬ 
cruit  sufficient  musculature  at  the  intensity 
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required  to  perform  an  adequate  anti-G 
straining  maneuver.  Central  fatigue  was 
evaluated  by  measuring  maximal  force  gen¬ 
eration  and  surface  electromyographic  activ¬ 
ity  of  leg  extensor  muscles  before,  during,  and 
immediately  upon  termination  of  an  SACM, 
and  comparing  these  values  to  those  obtained 
when  the  muscles  were  electrically  stimu¬ 
lated  during  maximal  voluntary  contractions 
(MVCs).  We  assumed  that  any  observed  in¬ 
crease  in  force  generation  during  the  MVCs, 
caused  by  the  stimulation,  would  indicate 
central  fatigue.  G-tolerance  time  was  230  + 
172  s.  Hypoxia  was  induced  by  the  SACM  as 
the  arterial  oxygen  saturation  decreased  sig¬ 
nificantly  from  97%  to  90%.  In  spite  of  this 
hypoxia,  there  was  no  significant  change  in 
MVC  force  when  the  pre-  and  post-SACM 
values  were  compared.  Electrical  stimulation 
during  the  MVCs  did  not  cause  an  increase  in 
force  generation.  The  average  forces  gener¬ 
ated  during  the  +7  Gz  phase  of  the  SACM 
were  only  about  35%  of  MVC  force.  This  force 
value  did  not  change  significantly  during  the 
SACM.  The  results  indicate  that  the  inabil¬ 
ity  to  continue  to  perform  the  AGSM  during 
an  SACM  is  not  likely  clue  to  central  fatigue 
or  to  fatigue  of  the  large  skeletal  muscle 
groups  we  have  examined.  Taken  together 
with  other  recent  studies,  all  indicating  that 
the  force  levels  generated  in  large  muscle 
groups  during  an  SACM  are  submaximal, 
these  results  question  the  rationale  for  advo¬ 
cating  strength  training  for  the  purpose  of 
improving  tolerance  of  +Gz  acceleration 
forces. 


Banks,  R.  D.,  Grisset,  J.  D.,  Satmders,  P.  L.,  & 
Mateczun,  A.  J.  (1995).  The  effects  of  varying 
time  exposure  to  -Gz  on  subsequent  decreased 
+Gz  physiological  tolerance  (push-pull 
effect).  Aviat.  Space  Environ.  Med.,  (in 
press). 

Abstract  INTRODUCTIOM.  Previous 
studies  have  demonstrated  decreased  +Gz 
tolerance  when  preceded  by  0  Gz  or  -Gz,  re¬ 
ferred  to  as  the  "push-pull  effect."  The  pur¬ 


pose  of  this  experiment  was  to  observe  the  ef¬ 
fect  of  varying  time  duration  at  -Gz  on  the 
push-pull  effect. 

METHODS.  During  single  sessions,  6  subjects 
(3  males,  3  females)  were  subjected  to  5  re¬ 
laxed  exposures  to  -1-2.25  Gz  on  the  NAMRL 
Coriolis  Acceleration  Platform  (CAP).  The 
first  and  last  exposures  were  control  runs  that 
were  preceded  by  -i-l  Gz.  Each  experimental 
run  was  preceded  by  -2  Gz  for  2, 5,  or  15  si 
Blood  pressure  (BP)  was  monitored  using  the 
Finapres  at  the  level  of  the  clavicle.  Visual 
light  loss  was  assessed  at  +2.25  Gz  using  a 
light  bar. 

RESULTS.  Mean  BP  was  significantly  re¬ 
duced  when  the  +2.25  Gz  exposures  were  pre¬ 
ceded  by  -2  Gz.  Following  15  s  of  -2  Gz,  mean 
BP  decreased  more  and  was  slower  to  recover 
than  for  2  and  5  s  of  -2  Gz.  Reported  incidents 
of  visual  light  loss  were:  1  following  2  s,  2 
following  5  s,  and  4  following  15  s  at  -2  Gz. 
There  were  no  reports  of  visual  light  loss  dur¬ 
ing  control  runs. 

CONCLUSION.  During  relaxed  conditions, 
the  push-pull  effect  is  augmented  by  increas¬ 
ing  duration  of  the  preceding  -Gz. 


Bock,  O.,  Arnold,  K.  E.,  &  Cheung,  B.  S.  K. 
(1995).  Performance  of  a  simple  task  in 
hypergravity.  I.  Overall  accuracy.  Aviat. 
Space  Environ.  Med.,  (in  press). 

Abstract  Background:  It  is  known  that 
visuo-motor  performance  is  affected  by  expo¬ 
sure  to  hyper-gravity  (hyper-G),  but  the  un¬ 
derlying  mechanisms  remain  to  be  deter¬ 
mined;  the  present  study  investigated  the 
role  of  target  mislocalization.  Method: 
Subjects  pointed  before,  during  and  after  ex¬ 
posure  to  hyper-G  at  targets  without  seeing 
their  hand.  Target  positions  were  displayed 
a)  throughout  each  pointing  response,  b)  be¬ 
fore  response  onset,  or  c)  in  normal  gravity 
prior  to  a  set  of  movements.  Results  & 
Conclusions:  For  aU  display  conditions,  sub¬ 
jects  pointed  higher  in  hyper-G  than  in  nor¬ 
mal  gravity  from  the  first  movement  on.  We 
attribute  the  discrepancy  between  this  find- 
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ing  and  previous  results  (8,12)  to  different 
movement  strategies.  The  effects  of  hyper-G 
on  pointing  performance  were  small  but  sus¬ 
tained  when  targets  were  displayed  before  or 
throughout  each  movement,  but  they  were 
large  and  transient  when  targets  were  memo¬ 
rized  in  normal-G.  We  concluded  that  too 
high  pointing  in  hyper-G  can  not  be  simply 
explained  by  the  "elevator  illusion",  and 
proposed  a  tentative  interpretation  based  on 
known  perceptual  deficits. 


Bock,  O.,  Arnold,  K.  E.,  &  Cheung,  B.  S.  K. 
(1995).  Performance  of  a  simple  task  in 
hypergravity.  II,  Detailed  response  charac¬ 
teristics.  AmaL  Space  Environ.  Med.,  (in 
press). 

Background:  Literature  pro¬ 
poses  three  hypotheses  for  impaired  move¬ 
ment  execution  in  hyper-G.  The  present  study 
attempted  to  discriminate  between  these 
hypotheses  by  comparing  kinematic  charac¬ 
teristics  and  final  accuracy  of  pointing 
movements  in  different  gravity  levels. 
Method:  Subjects  pointed  without  seeing 
Aeir  hand  at  targets  presented  before,  dur¬ 
ing  and  after  exposure  to  hyper-G.  Results: 
After  factoring  out  movement  amplitude, 
peak  vertical  velocity  and  the  skewness  of 
velocity  profiles  tended  to  increase,  while 
movement  duration  tended  to  decrease  with 
increasing  G-level.  Furthermore,  final  re¬ 
sponse  position  was  slightly  less  modulated 
by  target  position  in  hyper-G  than  in  normal- 
G.  Conclusion:  Although  not  all  findings 
reached  statistical  significance,  the  ob¬ 
served  pattern  of  results  corroborates  the  hy¬ 
pothesis  (2)  that  the  motor  system  re-inter- 
prets  h)^er-G  as  increased  arm  weight. 


Buick,  F.,  Wood,  E.  H.,  Pecaric,  M.,  & 

Maloan,  J.  (1995).  The  Methods  for  Measuring 
physiological  responses  and  protection  in 
man  exposed  to  high  +Gz.  In 
NATO/AGARD/AMP,  (submitted  for  publi¬ 
cation),  Neuilly-sur-Seine,  France: 

Abstract  The  often-used  subjective 
measurements  of  +Gz  tolerance  are  inade¬ 
quate  because  they  are  prone  to  subjective 
bias  and  cannot  document  the  time-dependent 
changes  in  the  reacting  physiology.  This  lec¬ 
ture  describes  non-invasive,  objective  mea¬ 
surements  used  to  measure  the  human  subject's 
physiological  status,  to  monitor  physiologi¬ 
cal  reactions  in  order  to  compare  the  +Gz  pro¬ 
tective  value  of  various  +Gz  countermeasures, 
and  to  measure  endpoints  which  will  guide 
the  termination  of  +Gz  exposure. 


Cheung,  B.,  Money,  K.,  Wright,  H.,  & 
Bateman,  W.  (1995).  Spatial  disorientation 
implicated  accidents  in  Canadian  Forces 
1982-1995.  Aviat.  Space  Environ.  Med.,  (in 
press). 

Abstract  In  a  recent  survey  of  CF18 
aircrew  human  factors,  44%  of  pilots  re¬ 
ported  experience  with  disorientation  (SD) 
of  which  10%  had  experienced  more  than 
three  episodes.  In  order  to  investigate  fur¬ 
ther,  we  have  completed  a  retrospective 
study  of  SD  implicated  category  A  accidents 
(where  an  aircraft  is  destroyed,  declared 
missing  or  damaged  beyond  economic  repair) 
in  the  Canadian  Forces  (CF)  during  1982-92. 
An  overview  of  all  SD  occurrences  (including 
accidents  and  incidents)  across  aircraft  types 
is  also  presented.  Information  was  gathered 
concerning  the  genesis  and  severity  of  disori¬ 
entation  so  that  research  effort  and  pilot 
training  could  be  appropriately  imple¬ 
mented.  Mishap  investigation  summaries  in¬ 
volving  category  A  accidents  where  SD  was 
implicated  were  obtained  from  the  CF 
Directorate  of  Flight  Safety  and  reviewed. 
We  also  examined  in  detail  the  Board  of 
Inquiry  Reports  of  these  accidents.  The  role 
of  disorientation  in  these  accidents  was  as- 
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sessed.  There  were  62  category  A  accidents 
between  1982-92  and  in  14,  SD  had  been  as¬ 
signed  as  a  possible  cause  factor  in  the  acci¬ 
dent  records.  When  divided  into  the  cate¬ 
gories  of  Recognized  SD,  Unrecognized  SD 
and  Incapacitating  SD  ,  all  but  two  fell  into 
the  category  of  unrecognized  SD  (the  pilots 
were  unaware  of  the  disorientation).  Eleven 
of  the  SD  accidents  involved  a  total  loss  of  24 
lives.  The  majority  of  the  accidents  hap¬ 
pened  during  the  day,  and  pilots’  cumulative 
flying  experience  did  not  appear  to  be  a  sig¬ 
nificant  factor.  According  to  our  assessment, 
there  were  two  episodes  of  vestibular  origin, 
involving  the  somatogravic  illusion.  Three 
episodes  of  disorientation  occurred  over 
frozen  lakes  and  one  over  glassy  water  and 
one  over  ocean.  Two  accidents  occurred  during 
tactical  training  involving  more  than  one 
aircraft.  The  causes  of  two  accidents  remain 
undetermined,  with  SD  listed  along  with 
other  possible  cause  factors.  The  suggestion 
follows  that  more  research  effort  and  pilot 
education  and  training  should  be  placed  on 
somatogravic  illusions  and  visual  limita¬ 
tions  vmder  adverse  flying  conditions  and  pi¬ 
lots  should  be  made  more  aware  of  these 
fourteen  accident  scenarios. 


Cheimg,  B.  S.  K.,  Money,  K.  E.,  &  Howard,  I. 
P .  (1995).  Dynamics  of  torsional  optokinetic 
nystagmus  under  altered  gravitoinertial 
forces.  Experimental  Brain  Research,  102, 
511-518. 

Abstract  The  purpose  of  the  present 
study  was  to  investigate  the  influence  of 
varying  gravitoinertial  (Gz)  forces  on  tor¬ 
sional  optokinetic  nystagmus  during 
parabolic  flights.  Using  the  scleral  search- 
coil  technique,  we  measured  the  gain  and 
phase  lag  of  torsional  optokinetic  nystagmus 
(OKN)  induced  by  a  hemispherical  visual 
display  rotating  about  the  roll  axis  either  at 
constant  velocity  or  sinusoidally  at  various 
frequencies  during  level  flight,  hypogravity, 
and  hypergravity.  Compared  with  level 
flight,  there  was  a  significant  increase  of 


slow-phase  eye  velocity  during  hypogravity 
and  an  increase  in  nystagmic  frequency.  An 
absence  of  well-developed  torsional  optoki¬ 
netic  after  nystagmus  was  observed  in  all 
three  gravity  conditions.  Other  characteris¬ 
tics  included  a  lack  of  a  slow  rise  component. 
These  data  suggest  that  otolith  inputs  do  af¬ 
fect  torsional  OKN.  The  absence  of  well-de¬ 
veloped  torsional  optokinetic  after  nystag¬ 
mus  suggests  that  the  velocity  storage  path¬ 
ways  do  not  contribute  significantly  to  the 
torsional  OKN  system  in  humans. 


Goodman,  L.  S.,  McKenzie,  D.  C.,  Nath,  C. 

R.,  Schamberger,  W.,  Taunton,  J.  E.,  & 
Ammann,  W.  C.  (1995).  Left  ventricular- 
adaptations  in  walking/jogging  vs.  aerobic 
circuit-trained  cardiac  patients.  Can  J.  Appl. 
Physiol.,  20(2),  179-198. 

Abstract  The  purposes  of  this  study 
were:  (1),  to  determine  whether  in  coronary 
artery  disease  (CAD)  patients  maintained  on 
medications,  left  ventricular  (LV)  fimction 
adapts  differently  in  response  to  6  months  of 
either  walking/jogging  (legs-only;  LO)  or 
aerobic  circuit  training  (arms  and  legs;  AL), 
siifl  (2),  to  determine  whether  a  transfer  of 
fitness  to  the  imtrained  arms  in  the  LO  group 
is  related  to  a  central  (cardiac)  training  ef¬ 
fect.  A  control  group  (C)  was  also  studied. 
Peak  oxygen  uptake  for  arm  and  leg  ergome- 
try,  and  submaximal  and  maximal  cycle  er- 
gometry  tests  using  radionuclide  cardiac  an¬ 
giography  (RNA)  were  performed  before  and 
after  training.  Training  significantly  in¬ 
creased  both  leg  and  arm  VOjpeak  by  13% 
in  the  AL  group  and  by  13%  and  7%,  respec¬ 
tively  for  the  LO  group.  Resting  ejection  frac¬ 
tion  was  increased  in  the  LO  group,  and  was 
increased  during  leg  exercise  in  both  groups.. 
Stroke  index  during  leg  exercise  were  in¬ 
creased  in  both  groups  at  submaximal  and 
peak  workloads.  Peak  cardiac  index  im¬ 
proved  to  the  same  extent  for  both  groups. 
Measures  of  LV  diastolic  volume,  peak  fill¬ 
ing  and  ejection  rates  were  greater  after 
training  for  the  LO  vs.  AL  groups.  These 
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changes,  in  association  with  a  significantly 
increased  systolic  blood  pressure  at  peak  ex¬ 
ercise  levels,  suggest  that  greater  LV  contrac¬ 
tile  function  improvements  occurred  in  the  LO 
vs.  the  AL  group.  In  CAD  patients  with  ini¬ 
tially  low  fitness  levels,  a  transfer  of  fitness 
to  the  smaller  untrained  limbs  occurs,  and  an 
LV  adaptive  response  is  implicated  in  the 
response.  Walking/jogging  produces  greater 
overall  training  effects  than  aerobic  circuit 
training,  perhaps  due  to  its  continuous  nature, 
the  recruitment  of  a  large  muscle  mass,  and 
possibly  a  larger  exercise-induced  hyperv¬ 
olemia. 


Goodman,  L.  S.,  Yang,  L.,  Kelso,  B.,  &  Liu,  P. 
(1995).  Cardiovascular  effects  of  varying  G- 
suit  pressure  and  coverage  during  +lGz  PPB. 
Aviat.  Space  Environ,  Med.^  (in  press). 

Abstract  With  the  continued  evolu¬ 

tion  of  Anti-G  suits,  used  to  counter  the  car¬ 
diovascular  dysfunction  arising  from  +lGz 
hypoxia  protection  positive  pressure  breath¬ 
ing  (PPB),  it  was  hypothesized  that  full- 
coverage  anti  G-suits  would  offer  equal  pro¬ 
tection  while  using  lower  inflation  pressures 
than  the  traditional  4:1  ratio.  Nine  experi¬ 
enced  subjects  were  exposed  to  2  minutes  of  70 
mmHG  PPB  while  wearing  either  the 
Combat  Edge  (CE)  and  Tactical  Life  Support 
System  (TLSS)  garments  with  the  G-suit  in¬ 
flated  to  4  X  breathing  pressure,  and  the 
Advanced  Tactical  Anti  G-suit  (ATAGS)  at 
4,3,2,  and  1-times  the  breathing  pressure. 

All  subjects  were  measured  with  impedance 
cardiography  (IC),  and  6  were  measured  si¬ 
multaneously  with  both  IC  and  the 
Cardioscint™  nuclear  probe.  IC-estimated 
stroke  volume,  relative  left  ventricular  (LV) 
end-diastolic  volume,  LV  ejection  fraction, 
and  peak  filling  rate  were  depressed  most  in 
the  CE  and  ATAGS  1  conditions  (P<.001). 
Heart  rate  and  mean  arterial  blood  pressure 
changes  were  highest  and  lowest,  respec¬ 
tively,  using  the  CE  and  ATAGS  1  garments 
(P<.001).  There  were  no  differences  in  these 
variables  between  the  TLSS,  and  ATAGS  2-4 
conditions.  Thus,  protection  against  the  PPB- 


induced  fall  in  LV  preload  and  cardiovascu¬ 
lar  function  may  still  be  adequately  afforded 
by  lower  G-suit  inflation  pressures  when  us¬ 
ing  full-coverage  anti-G  suits  during  PPB  in¬ 
tended  for  high  altitude-protection. 


Paul,  M.,  &  Ackles,  K.  N.  (1995).  Improved 
G-Tolerance  with  an  Extended-Coverage- 
Bladder  G-suit,  Aviat,  Space  Environ,  Med,, 
(in  press). 

Abstract  INTRODUCTION.  An  ex¬ 
tended  coverage  bladder  (ECB)  G-suit  was 
evaluated  on  the  DCIEM  centrifuge  against 
the  current  service  (Std)  G-suit,  The  ECB  G- 
suit  covered  approximately  85%  of  the  lower 
body  measuring  from  the  umbilicus  and  all  5 
bladders  completely  encircled  each  leg  and 
the  lower  trunk.  The  Std  G-suit  covered  ap¬ 
proximately  30%  of  the  lower  body  and  it’s  5 
bladders  were  located  only  over  the  frontal 
aspect  of  each  leg  and  the  lower  trunk. 
METHODS.  Nine  highly  experienced  sub¬ 
jects  from  the  DCIEM  A-Team  evaluated 
both  suits  to  determine  both  relaxed  and 
straining  G-tolerances.  A  standard  gradual 
onset  rate  (GOR)  run  was  used  and  suit  testing 
order  was  counterbalanced  across  subjects. 
RESULTS.  The  test  condition  G-tolerances 
are  listed  as  mean  ±  sem;  relaxed  tolerances 
(six  subjects)  were  5.54  ±  0.37  for  the  ECB  suit 
and  4.66  ±  0.19  for  the  Std  suit  (p=.04,  2- 
tailed,  paired  t-test)  while  straining  toler¬ 
ances  (nine  subjects  for  the  following  three  G- 
suit  conditions;  ECB  with  foot  bladders,  ECB 
without  foot  bladders,  and  Std)  were  10.6  ± 
0.4, 10.1  ±  0.4,  and  9.4  ±  0.5  respectively 
(p=.01  between  all  three  straining  conditions, 
anova  with  Scheffe  F-test). 

CONCLUSIONS.  The  ECB  G-suit  provides 
improved  G-tolerance  for  both  relaxed  and 
straining  exposures.  The  efficacy  of  ECB  G- 
suits  should  be  evaluated  when  used  in  con¬ 
junction  with  positive  pressure  breathing. 
While  the  ultimate  G-suit  has  yet  to  be  con¬ 
ceived  and  will  no  doubt  be  part  of  an  inte¬ 
grated  Ufe  support  system,  ECB  G-suits  are  a 
step  in  the  right  direction  in  the  evolution  of 
life  support  garmentry. 
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BeU,  D.  G.,  &  Jacobs,  1.  (1986).  Electro¬ 
mechanical  response  times  and  rate  of  force 
development  in  males  and  females.  Med.  & 
Sci.  in  Sport  and  Exercise,  18,  31-36. 

Abstract  Muscle  force  development  is 

influenced  by  both  central  (pre-motor  end 
plate)  and  peripheral  (post-motor  end  plate) 
components.  Conflicting  results  are  avail¬ 
able  concerning  gender-related  differences  m 
the  central  component.  This  study  compared 
males  and  females  with  regard  to  the  fol¬ 
lowing  electromechanical  response  vari¬ 
ables:  total  reaction  time,  pre-motor  time, 
electromechanical  delay,  and  the  rate  of 
force  development  during  a  maximal  volun¬ 
tary  isometric  contraction  (MVC)  of  the  el¬ 
bow  flexors.  Forty-six  males  and  40  females 
performed  MVCs  against  a  bar  attached  to  a 
force  transducer.  Subjects  were  instructed  to 
attempt  to  flex  the  elbow  with  maximal 
force  as  rapidly  as  possible  after  perceiving 
a  visual  stimulus.  Surface  electromyo¬ 
graphic  activity  was  recorded  from  the  bi¬ 
ceps  brachii  and  was  sampled  simultane¬ 
ously  with  the  force  transducer  data  at  2  kHz 
and  stored  digitally.  For  data  analyses  the 
subjects  were  separated  into  four  groups  based 
on  the  force  generated  during  the  MVC:  weak 
females,  weak  males,  strong  females,  and 
strong  males.  Neither  total  reaction  time  nor 
pre-motor  time  was  significantly  different 
across  groups.  The  electromechanical  delay 
for  both  male  groups  was  significantly 
shorter  than  for  both  female  groups. 
Electromechanical  delay  was  weakly,  but 
significantly,  correlated  with  rate  of  force 
development  and  maximum  force.  During  a 
single  MVC  the  times  required  to  attain  25, 

50,  75,  and  100%  MVC  were  similar  in  all 
groups.  The  results  suggest  that  at  least  part 
of  the  gender  difference  in  maximmn  strength 
may  be  due  to  differences  in  electromechani¬ 
cal  response  times. 


Ducharme,  M.  B.  (1986)  Energetique  de  la 
locomotion  et  thermoregtdation  chez  les  deux 
morphes  de  I'ecureuil  gris.  M.Sc.,  Laval 
University. 

Abstract  L'Ecureuil  gris  {Sciurus  caro- 
linensis)  est  im  Sciuride  arboricole  actif  tout 
au  long  de  I'annee,  m^me  aux  latitudes  les 
plus  nordiques  de  son  habitat.  Dans  ces  re¬ 
gions  ou  I'hiver  impose  de  fares  basses  tem¬ 
peratures  et  une  reduction  de  la  disponibilite 
de  la  nourriture,  les  exigences  energetiques  de 
la  thermoregulation  et  de  la  locomotion  peu- 
vent  devenir  limitantes  pour  la  survie.  c3n 
s'attend  done  a  fetrouver  des  adaptations  au 
niveau  du  metabolisme  et  de  I'isolation 
thermique  favorisant  I'economie  d'energie. 
Les  adaptations  sont  susceptibles  d'etre  dif- 
ferentes  chez  les  morphes  gris  et  noir  de  I'e- 
spece  puisque  leur  distribution  est  fonction  du 
climat. 

De  fait,  en  hiver,  I'Ecureuil  gris  pos- 
sede  au  repos  un  metabolisme  plus  economique 
(surtout  aux  temperatures  inferieures  a  5°C) 
et  vm  metabolisme  de  sommet  18%  plus  eleve 
qu'en  ete.  L' augmentation  du  metaboHsihe  de 
sommet  en  hiver  est  due  en  majeure  partie 
(84%)  a  I'augmentation  de  plus  de  300%  de  la 
capacite  de  thermogenese  sans  frisson.  Cette 
augmentation  est  attribuable  a  une  hypertro- 
phie  des  tissus  adipeux  brims.  Chez  le  mor- 
phe  noir  acclimate  au  froid,  I'economie  d'en¬ 
ergie  au  froid  est  plus  marquee  que  chez  le 
gris.  De  plus,  la  capacite  de  thermogen&se 
sans  frisson  est  30%  plus  elevee  chez  le  noir 
que  chez  le  gris  ce  qui  s'expliquerait  par  im 
contenu  en  proteines  plus  61evee  chez  le  noir 
que  chez  le  gris  au  niveau  des  tissus  adipeux 
brims.  Ces  avantages  de  la  forme  m61anique 
de  I'Ecureuil  gris  peuvent  contribuer  a  son 
adaptation  apparemment  plus  grande  dans 
la  partie  la  plus  nordique  de  I'habitat  de  I'e- 
spece. 

L'etude  de  la  locomotion  a  montre  que 
la  depense  d'energie  aerobie  lors  de  la  course 
horizontale  sur  tapis  roulant  est  une  fonction 
lineaire  de  la  vitesse  jusqu'a  I'atteinte  du 
metabolisme  aerobie  maximum  a  6  km/h.  La 
valeur  minimale  du  cout  de  transport  global 
est  de  30%  superieure  a  ceUe  predite  pour  un 
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rongeur  type  de  meme  masse.  En  fait,  les 
Sciuridees  arboricoles  pour  lesquels  on  dis¬ 
pose  de  mesures  presentent  un  cout  de  trans¬ 
port  superieur  a  celui  des  Sciurides  terricoles 
de  masse  correspondante,  ce  qui  laisse  croire 
en  des  adaptations  locomotrices  specifiques 
au  mode  de  vie. 

Lors  de  la  locomotion,  les  demarches 
utilisees  par  I'Ecureuil  gris  sent  la  marche  (1 
-  4  km/h),  le  trot  (4-6  km/h),  le  demi-bond 
(6-8  km/h)  et  le  bond  (vitesses  superieures  a 
9  km/h).  L'Ecureuil  gris  presente  certaines 
adaptations  cursoriales  typiques  permettant 
d'accroitre  la  longueur  de  la  foulee  lors  de  la 
course  a  haute  vitesse,  ce  qui  suggere  I'exis- 
tence  d'lme  adaptation  a  la  course  sur  plan 
horizontal  chez  ce  Sciurdie  arboricole. 


Henderson,  D.  L.,  &  Tikuisis,  P.  (1986). 
Investigation  of  oxygen  pre-breathing  at  8000 
ft  vs.  ground  level  prior  to  altitude  exposure. 
(DCIEM  86-C-19).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  Denitrogenation  of  body  tis¬ 
sues  by  breathing  100%  oxygen  with  an 
oronasal  mask  at  ground  level  for  30  minutes 
is  routinely  used  in  the  Canadian  Forces  to 
protect  aircrew  from  decompression  sickness 
(DCS)  during  altitude  exposures  above  18,000 
feet  in  the  course  of  Aeromedical  Training 
(AMT).  Despite  this  measure  plus  limiting 
the  period  above  25,000  ft  to  20  minutes,  a  to¬ 
tal  of  10-12  cases  of  altitude  DCS  per  year 
are  stHl  being  reported  by  the  hypobaric 
chambers  utilized  by  the  CF  for  AMT.  A 
simple  trial  was  conducted.  Results  have  re¬ 
vealed  marked  inter-individual  differences 
in  the  volume  of  nitrogen  eliminated  and  the 
mean  values  do  not  support  a  statistically 
significant  difference  between  oxygen  pre- 
breathing  at  grotmd  level  versus  8,000  ft. 


Hoskins,  R.  W.,  Melinyshyn,  M.  J.,  Romet,  T. 
T.,  &  Goode,  R.  C.  (1986).  Bath  rewarming 
from  immersion  hypothermia.  J.  Appl. 
Physiol,  62(4),  1518-1522. 

Abstract  Trunk-only  bath  rewarming 
has  often  been  recommended  over  whole- 
body  bath  rewarming  as  a  method  for  the 
treatment  of  immersion  hypothermia.  At 
present,  no  report  of  a  direct  comparison  of 
the  relative  merits  of  these  techniques  has 
been  made.  Authorities  in  favor  of  tnmk- 
only  bath  rewarming  base  their  proposal  on 
the  assumption  that  core  temperature  after¬ 
drop  would  be  minimized  by  preventing  pe¬ 
ripheral  vasodilation  when  the  subject's 
limbs  are  not  immersed  in  the  rewarming 
bath.  In  the  present  study,  trunk-only  and 
whole-body  bath  rewarming  are  compared 
by  rewarming  eight  mildly  hypothermic 
male  subjects  twice,  once  via  each  technique. 

It  was  concluded  that  tnmk-only  rewarming 
is  not  superior  to  whole-body  bath  rewarm¬ 
ing  as  a  therapy  for  mild-immersion  hy¬ 
pothermia,  based  on  the  findings  that  no  sig¬ 
nificant  differences  existed  between  the  two 
techniques,  either  in  size  or  duration  of  core 
temperature  afterdrop,  or  in  rate  of  rewarm¬ 
ing. 


Jacobs,  I.  (1986).  Blood  lactate:  implications 
for  training  and  sports  performance.  Sports 
Med.,  3,  10-25. 

Abstract  The  blood  lactate  response  to 
exercise  has  interested  physiologists  for  over 
fifty  years  but  has  more  recently  become  as 
routine  a  variable  to  measure  in  many  exer¬ 
cise  laboratories  as  is  heart  rate.  This  rising 
popularity  is  probably  due  to:  a)  the  ease  of 
sampling  and  improved  accuracy  afforded  by 
recently  developed  micro-assay  methods 
and/ or  automated  lactate  analysers,  and  b) 
the  predictive  and  evaluative  power  associ¬ 
ated  with  the  lactate  response  to  exercise. 
Several  studies  suggest  that  the  strong  rela¬ 
tionship  between  exercise  performance  and 
lactate-related  variables  can  be  attributed 
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to  a  reflection  by  lactate  diiring  exercise  of 
not  only  the  functional  capacity  of  the  cen¬ 
tral  circulatory  apparati  to  transport  oxygen 
to  exercising  muscles,  but  also  the  peripheral 
capacity  of  the  musculature  to  utilize  this 
oxygen.  For  example,  several  studies  contrast 

the  relationship  between  V02niax  and  en¬ 
durance  running  performance  with  that  be¬ 
tween  a  lactate  variable  and  the  same  run¬ 
ning  performance.  In  every  study,  the  lactate 
variable  is  more  high  correlated  with  per¬ 
formance.  Similarly,  prescribing  training  in¬ 
tensity  as  a  function  of  the  lactate  concentra¬ 
tion  elicited  by  the  training  may  prove  to  be 
a  means  of  obtaining  a  more  homogeneous 
adaptation  to  training  in  a  group  of  athletes 
or  subjects  than  is  obtained  setting  intensity 
as  a  function  of  maximal  heart  rate  or  % 

VO2  max .  A  review  of  the  recent  literature 
shows  that  the  lactate  response  to  supramax¬ 
imal  exercise  is  a  sensitive  indicator  of 
adaptation  to  'sprint  training’  and  is  corre¬ 
lated  with  supramaximal  exercise  perfor¬ 
mance.  This  review  also  describes  the  possi¬ 
ble  applications  of  lactate  measurements  to 
enhance  the  rate  of  recovery  from  high  inten¬ 
sity  exercise.  Although  the  lactate  response 
to  exercise  is  reproducible  under  standard¬ 
ized  conditions  it  can  be  influenced  by  the 
site  blood  sampling,  ambient  temperature, 
changes  in  the  body's  acid-base  balance  prior 
to  exercise,  prior  exercise,  dietary  manipula¬ 
tions,  or  pharmacological  interpretation. 


Jacobs,  L,  &  Pope,  J.  (1986).  A  computerized 
system  for  muscle  strength  evaluation: 
measurement  reproducibility,  validity  and 
some  normative  data.  National  Strength 
Conditioning  Assoc.  /.,  8,  28-33. 

Abstract  This  report  describes  the  re¬ 

producibility  and  validity  of  a  computerized 
muscle  strength  evaluation  system,  the  Ariel 
Computer  Exercise  (ACE)  system.  The  ACE 
has  only  recently  become  commercially 
available,  therefore  there  are  no  normative 
data  published  for  various  exercises  on  the 
ACE,  nor  is  the  measurement  accuracy  of  the 


apparatus  documented.  This  project  attempts 
to  address  these  aspects.  Force  measurement 
was  examined  three  times  on  each  of  three 
separate  days  (i.e.  nine  times  in  total).  This 
was  done  by  comparing  the  ACE  measurement 
of  weights  himg  on  the  apparatus  to  the 
known  calibrated  weight  Angular  velocity 
was  examined  by  comparing  various  veloci¬ 
ties  chosen  via  ACE  software  commands  to 
the  actual  velocity  of  the  ACE  lever  arm 
measured  with  a  micro-switch  activated 
timer.  Intrasubject  reproducibility  was  eval¬ 
uated  by  having  six  subjects  perform  maximal 
contractions  on  three  separate  days  at  vari¬ 
ous  angular  velocities.  The  results  indicate 
that  reproducible  and  valid  force  measure¬ 
ments  and  angular  velocities  are  achieved 
with  the  ACE  provided  the  system  is  cali¬ 
brated  according  to  the  manufacturers  speci¬ 
fications  a  least  once  daily.  In  addition,  av¬ 
erage  values  are  presented  for  various  exer¬ 
cises  performed  by  23  male  an  11  female  un¬ 
trained  military  personnel. 


Myles,  W.  S.,  &  Romet,  T.  T.  (1986).  Combat 
Engineer  Effectiveness  in  Sustained 
Operations,  (DCIEM  86-R-27).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  The  effect  of  sleep  depriva¬ 
tion  and  physical  fatigue  on  self-paced  work 
output  was  determined  in  two  sustained  com¬ 
bat  engineer  operations.  In  the  first  (Ripe 
Sapper),  four  subjects  from  2  Combat  Engineer 
Regiment  went  without  sleep  for  69  hours. 
During  this  period  they  performed  only  four 
physically  demanding  tasks,  three  of  them 
in  the  last  24  hours.  Continuous  recordings  of 
heart  rate  (HR)  indicated  that  sleep  depri¬ 
vation,  in  the  absence  of  physical  fatigue, 
had  no  effect  on  work  intensity  and  the 
work/recovery  cycle.  In  the  second  sustained 
operation  (Longue  Joumee),  six  subjects  from  5 
Combat  Engineer  Regiment  carried  out  a  fuU 
schedule  of  physically  demanding  tasks  dur¬ 
ing  a  period  of  sleep  deprivation  lasting  47 
hours.  Some  of  the  tasks  were  repeated  at 
least  once  so  that  the  effects  of  sleep  loss  and 
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physical  fatigue  could  be  assessed.  For  the 
first  14  hours  of  Longue  Joumee,  the  subjects 
worked  at  an  average  HR  of  120  bpm  which 
is  equivalent  to  an  energy  expenditure  of  35- 
40%  of  maximal  oxygen  uptake  in  fit  young 
men.  In  the  remainder  of  the  sustained  oper¬ 
ation,  work  intensity  declined  as  the  subjects 
worked  for  shorter  periods  and  took  longer 
rests.  Rating  scales  confirmed  that  these 
changes  coincided  with  the  development  of 
physical  fatigue.  Since  sleep  deprivation 
was  without  effect  in  Ripe  Sapper,  the  de¬ 
cline  in  self-paced  work  output  in  Longue 
Joumee  was  attributed  to  physical  fatigue. 

Although  the  evidence  is  not  conclu¬ 
sive  and  must  be  confirmed  by  further  re¬ 
search,  the  results  of  this  study  have  impor¬ 
tant  implications  for  those  responsible  for 
planning  sustained  combat  engineer  opera¬ 
tions.  Longue  Joumee  demonstrated  that  the 
subjects,  typical  combat  engineers,  were  able 
to  complete  all  the  tasks  assigned  to  them 
within  the  allotted  48  hours.  Although 
times  to  complete  individual  tasks  increased 
in  the  later  stages,  the  goal  of  operating  con¬ 
tinuously  for  48  hours  was  achieved.  The 
finding  that-sleep  loss,  per  se,  had  no  effect 
on  self-paced  work  output  in  Ripe  Sapper 
suggests  that  soldiers  who  are  sleep  de¬ 
prived,  but  not  physically  fatigued,  can  be 
expected  to  complete  physically  demanding 
tasks  in  the  same  time  as  fresh  troops. 
Moreover,  troops  who  receive  at  least  four 
hours  of  dedicated  sleep  every  night  should 
not  be  considered  immune  to  the  effects  of  sus¬ 
tained  operations.  If  the  20  waking  hours  are 
spent  in  prolonged  fatiguing  tasks,  self-paced 
work  output  may  still  decline. 


Romet,  T.  T.,  Frim,  J.,  Allen,  C.,  &  Shephard, 
R.  J.  (1986).  The  effects  of  breathing  warm  air 
during  cold  exposure.  Arct.  Med.  Res.,  44, 37- 
41. 

Abstract  Heat  stores  were  compared  in 

two  groups  of  8  yoimg  women,  exposed  respec¬ 
tively  to  a  standard  cold  environment  (-20°C, 
zero  wind  speed,  3  do  insulation,  intermit¬ 


tent  work  at  30%  of  maximum  oxygen  intake) 
and  similar  conditions  with  the  inspired  air 
pre-heated  to  15°C.  Respiratory  heat  loss 
for  the  two  conditions  differed  by  13.1  Watts. 
Core  temperatures  remained  constant  in  both 
conditions,  but  aU  skin  temperatures  except 
the  exposed  forehead  were  1  -  2°C  colder 
when  the  inspired  air  was  not  pre-warmed, 
total  body  heat  loss  was  thus  281  KJ  greater 
without  pre-warming.  Ratings  of  perceived 
thermal  comfort  reflected  this  loss.  Pre¬ 
warming  of  inspired  air  may  have  value  in 
extending  the  tolerance  of  cold  stress,  partic¬ 
ularly  in  clinical  problems  such  as  an  angina 
and  exercise-induced  bronchospasm. 


Romet,  T.  T.,  Shephard,  R.  J.,  &  Frim,  J. 
(1986).  The  metabolic  cost  of  exercising  in 
cold  air  (-20°C).  Arct.  Med.  Res.,  44,  29-36. 

Abstract  The  metabolic  costs  of  exer¬ 

cise  (uphill  treadmill  walking  alternated 
with  bench  stepping  at  approximately  30% 
of  maximum  oxygen  intake)  were  measured  in 
24  young  women  exposed  to  three  environ¬ 
ments  according  to  a  Latin  square  design. 

The  conditions  were  warm  (WW  15°C,  nor¬ 
mal  clothing),  cold  (CC  -20°C,  zero  wind 
speed,  3  do  insulation)  and  cold  with  pre¬ 
warming  of  the  inspirate  to  15°C  (CW).  The 
oxygen  intake  was  significantly  greater  in 
the  cold  than  in  the  warm  environment, 
about  a  half  of  the  increase  could  be  ex¬ 
plained  by  the  weight  of  the  arctic  clothing, 
with  additional  effects  from  (i)  hobbling, 

(ii)  heavy  boots  and  (iii)  a  reduction  of  pe¬ 
ripheral  metabolism.  The  difference  of  cost 
between  CC  and  CW  was  not  statistically 
significant,  but  was  consistent  with  the  en¬ 
ergy  loss  in  warming  and  humidif5dng  the  in¬ 
spirate.  All  costs  agreed  well  with 
Balke/Ware  predictions,  but  were  much 
lower  than  predictions  based  on  military  re¬ 
cruits  (Goldman  and  associates)  and  the 
American  College  of  Sports  Medicine 
Guidelines.  There  is  need  for  further  study  of 
walking  costs  in  women,  particularly  under 
arctic  conditions. 
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1987 

Frim,  J.  (1987).  Study  of  whole  body  heat 
exchange  with  the  environment  (Contract 
Report  7942).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  objective  of  this  study 

was  to  evaluate  whether  Heat  Flux 
Transducers  (HFTS)  attached  to  the  human 
body  provide  a  true  value  of  sensible  heat 
loss.  Twenty-four  HFTs  were  attached  to 
subjects  exposed  to  five  climatic  conditions  in 
a  whole-body  human  calorimeter.  The  main 
conclusions  reached  are:  (1)  Calibration  of 
HFTs  is  mandatory.  In  the  range  of  heat 
flows  and  temperatures  encountered  in  this 
study  a  calibration  equation  of  the  following 
form  was  satisfactory:  Q  =  mV‘(a  +  b*T) 
where  Q  =  heat  flow  in  W/m^  and  T  =  HFT 
temperature.  (2)  Twenty-four  HFTs  attached 
on  symmetrical  sides  of  the  body  (twice  the 
Hardy  and  DuBois  sites)  reflect  the  sensible 
heat  loss  of  sitting  and  exercising  humans  ac¬ 
curately  within  a  few  Watts,  but  with  two 
limitations:  (a)  The  average  heat  flux  from 
the  24  HFTs  is  systematically  higher  than 
the  sensible  heat  per  unit  surface  area  given 
off  by  the  subject  to  the  calorimeter  because 
the  sensible  heat  detected  by  the  calorimeter 
leaves  the  body  only  through  the  heat  ex¬ 
changing  surface  area,  which  is  smaller  than 
the  anatomical  body  surface  area  used  in  the 
calculations,  (b)  The  sensible  heat  loss  pre¬ 
dicted  with  the  HFTs  is  valid  as  long  as 
there  is  no  appreciable  active  sweating  due 
to  warmer  calorimeter  temperatures  and/or 
exercise.  Under  warm  conditions  the  sweat 
produced  under  the  HFT  cannot  evaporate 
and  the  skin  temperature  imder  the  HFT 
rises,  resulting  in  an  erroneous  increase  in 
heat  loss.  (3)  The  minimum  number  of  HFTs 
required  for  an  estimate  of  the  subject's  sensi¬ 
ble  heat  loss  is  about  12.  It  is  recommended  to 
use  the  same  weighting  factors  for  both  the 
calculation  of  mean  skin  temperature  and  for 
the  average  heat  flux.  (4)  The  use  of  a  tight- 
fittiag  imdergarment  that  covers  all  HFTs 
and  keeps  them  properly  in  place,  such  as  a 


Unitard  ballet  costume,  is  of  great  assistance 
in  protecting  the  HFTS,  and  their  wires  in 
particular,  against  mechanical  damage. 


Frim,  J.  (1987).  Fundamentals  of  ther¬ 
moregulation.  In  J.  R.  Sutton,  C.  Houston,  &  G. 
Coates  (Eds.),  Hypoxia  and  Cold,  (pp.  29- 
32).  New  York:  Praeger. 

Abstract  A  discussion  of  normal  phys¬ 

iology  as  it  relates  to  cold  exposure  implies  a 
discussion  of  human  thermoregulation.  This, 
in  turn,  requires  an  understanding  of  heat 
production  within  the  body,  of  thermal  ex¬ 
change  between  the  body  and  the  environ¬ 
ment,  and  of  the  regulatory  mechanisms  used 
by  the  body  to  control  these  processes. 

This  chapter  provides  a  brief 
overview  of  human  thermoregulation  encom¬ 
passing  these  areas.  The  emphasis  is  on  the 
relationships  between  the  various  aspects,  as 
opposed  to  an  in-depth  look  at  any  one  area. 
Tliis  approach  is  justified  by  the  fact  that 
accidental  cold  injury  of  any  nature,  be  it 
frostbite  or  hypothermia,  is  usually  not  due 
to  a  failure  of  heat  production  or  temperature 
regulatory  mechanism;  rather,  it  is  the  result 
of  environmental  iafluences  caUing  upon  nor¬ 
mal  physiological  mechanisms  to  function 
beyond  the  limits  of  their  capabilities. 


Jacobs,  I.  (1987).  Nutrition  and  physical 
performance  in  military  environments, 
(DCIEM  87-R-53).  Defence  &  Civil  Institute 
of  Environmental  Medicine. 

Abstract  This  report  is  a  review  of  re¬ 

search  findings  concerning  nutritional  aspects 
of  physical  performance  with  direct  rele¬ 
vance  to  the  operational  requirements  of  mil¬ 
itary  personnel. 

The  body's  stores  of  carbohydrates 
are  limited  compared  to  those  of  the  other 
energy  stores.  Unforhmately,  it  is  these  lim¬ 
ited  carbohydrate  stores  on  which  muscle  is 
most  dependent  for  fuel  as  the  mtensity  of 
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physical  exercise  increases.  When  the  in¬ 
tramuscular  stores  of  carbohydrates,  in  the 
form  of  glycogen,  are  depleted  subsequent  ex¬ 
ercise  performance  is  impaired.  There  is  di¬ 
rect  evidence  that  muscle  glylcogen  stores  of 
military  personnel  are  markedly  depleted  at 
the  end  of  combat  field  trials.  The  consump¬ 
tion  of  >450  g  of  carbohydrate  per  day  should 
facilitate  adequate  glycogen  resynthesis. 
There  is  experimental  evidence  that  adapta¬ 
tion  to  a  calorie-dense,  fat-rich,  i.e.  carbo- 
hydrate-poor,  diet  may  be  possible  although 
the  time  course  and  extent  of  adaptation  must 
be  clarified  before  such  a  diet  can  be  applied. 

There  is  no  consistent  evidence  to  sug¬ 
gest  that  the  capacity  to  perform  physical 
exercise  would  be  enhanced  by  the  addition 
of  micronutrients  to  rations.  Further  research 
may  be  warranted,  however,  by  the  findings 
that  amino  acids  such  as  1-tryptophan  and 
tyrosine  have  been  demonstrated  to  enhance 
cognitive  performance  under  conditions  of  en¬ 
vironmental  stress. 

Calorie  restriction  causing  body 
weight  loss  of  up  to  about  10%  will  not  cause 
drastic  performance  impairments  if  dehy¬ 
dration,  ketosis,  and  hypoglycemia  can  be 
avoided.  Lightweight  dally  muons  contain¬ 
ing  2000  kcal  are  therefore  feasible  for  xmits 
for  whom  a  reduced  foodpack  weight  and 
volume  would  be  advantageous. 

The  environmental  stress  of  heat  or 
altitude  causes  an  anorexia  which  can  result 
in  insufficient  energy  and/ or  carbohydrate 
intake  to  maintain  optimal  physical  perfor¬ 
mance.  Cold  environments  are  usually  asso¬ 
ciated  with  an  increased  energy  consumption, 
probably  because  of  the  increased  caloric  cost 
of  working  in  protective  clothing  and  with 
specialized  equipment.  The  implications  of 
most  environmental  stresses  are  that  the  rel¬ 
ative  physiological  demands  of  a  given  task 
are  increased.  In  all  likelihood  the  energy 
cost  and  the  dependence  on  carbohydrates  for 
that  energy  are  also  increased. 


Jacobs,  I.  (Ed.).  (1987).  Human  Adaptation  to 
Prolonged  Activity,  Canadian  Journal  of 
Sport  Sciences. 


Abstract  This  supplementary  issue  of 
the  Canadian  Journal  of  Sport  Sciences  con¬ 
tains  the  proceedings  of  a  satellite  sympo¬ 
sium  held  in  conjimction  with  the  1986  trien¬ 
nial  congress  of  the  International  Union  of 
Physiological  Sciences.  The  challenges  to 
the  processes  of  physiological  homeostasis 
are  particularly  marked  during  bouts  of  sus¬ 
tained  exercise,  and  it  is  for  this  reason  that 
the  focus  of  the  symposium  was  adaptations 
to  prolonged  activity  in  normal  and  hostile 
environments.  The  proceedings  consists  of  re¬ 
views  of  the  following  factors  with  reference 
to  mechanisms  by  which  they  limit  the  ca¬ 
pacity  to  perform  prolonged  exercise:  neuro¬ 
muscular  factors,  the  respiratory  system, 
blood  flow  limitations,  hormonal  control  and 
enzyme  regulation  of  prolonged  effort,  and 
environmental  limitations. 


Jacobs,  1.  (1987).  Influence  of  carbohydrate 
stores  on  maximal  human  power  output.  In  D. 
MacLeod,  R.  Maughan,  T.  Reilly,  &  C. 
Williams  (Eds.),  Exercise  -  Benefits,  Limits 
and  Adaptations,,  (pp.  104-115).  London:  E. 

&  F.N.  Spon. 

Abstract  There  is  a  well  established 

relationship  between  endurance  exercise  per¬ 
formance  and  muscle  glycogen  availability. 
This  paper  describes  the  result  of  recent  stud¬ 
ies  which  examined  the  effects  of  skeletal 
muscle  glycogen  depletion  on  performance  of 
a  one  minute  maximal  intensity  muscle  fa¬ 
tigue  test  (MFT).  When  acute  glycogen  de¬ 
pletion  or  both  main  muscle  fibre  types  was 
induced  by  exercise,  subsequent  muscle 
strength  and  power  during  the  MFT  were  im¬ 
paired.  Subjects  with  muscle  rich  in  FT  fibers 
demonstrated  a  greater  impairment  than 
those  rich  in  ST  fibers.  If  exercise-induced 
glycogen  depletion  was  limited  to  the  ST 
muscle  fibers,  no  significant  impairment  of 
muscle  force  was  observed,  but  the  muscle  was 
more  susceptible  to  fatigue  during  repeated 
maximal  contractions.  If  muscle  glycogen 
levels  were  very  low  prior  to  exercise,  im- 
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pairments  of  force  production  were  accompa¬ 
nied  by  significantly  reduced  muscle  lactate 
accumulation  during  the  MFT,  suggesting 
that  glycogenolytic  flux  was  reduced. 
Although  muscle  weakness  observed  after 
prolonged  exercise  may  be  a  fimction  of  the 
exercise  used  to  induce  glycogen  depletion, 
the  weakness  is  greater  when  glycogen  levels 
in  the  exercising  muscles  are  low. 


Jacobs,  I,  Bell,  D.  G.,  Pope,  J.,  &  Lee,  S,  W. 
(1987).  Effects  of  hydraulic  resistance  circuit 
training  on  physical  fitness  components  of 
potential  relevance  to  +Gz  tolerance.  Aviat. 
Space  Environ,  Med,,  58,  754-760. 

Abstract  Recent  studies  carried  out  in 

the  United  States  and  Sweden  have  demon¬ 
strated  that  strength  training  can  improve 
+Gz  acceleration  tolerance.  Based  on  these 
findings,  the  Canadian  Forces  have 
Introduced  a  training  program  for  aircrew  of 
high  performance  aircraft.  This  report  de¬ 
scribes  the  changes  In  physical  fitness  com¬ 
ponents  considered  relevant  to  +Gz  tolerance 
after  42  weeks  of  training  with  this  program. 
Prior  to  beginning  training,  45  military  per¬ 
sonnel  were  tested,  but  only  20  completed  a 
minimum  of  24  training  sessions.  The  follow¬ 
ing  variables  were  measured  in  these  20  sub¬ 
jects  before  and  after  training:  maximal 
strength  of  several  large  muscle  groups  during 
isokinetic  contractions,  maximal  aerobic 
power  and  an  endurance  fitness  index,  maxi¬ 
mal  anaerobic  power,  anthropometric  char¬ 
acteristics,  and  maximal  expiratory  pressure 
generated  during  exhalation.  Training  in¬ 
volved  hydraulic  resistance  circuit  training 
2-4  times /week.  The  circuit  consisted  of  3 
consecutive  sets  at  each  of  8  stations  using 
Hydra-Gym  equipment.  The  exerciseirest  ra¬ 
tio  was  20:40  s  for  the  initial  4  training 
weeks  and  was  then  changed  to  30:50.  After 
training  the  changes  in  anthropometric  mea¬ 
surements  suggested  that  lean  body  mass  was 
increased.  Small,  but  significant  increases 
were  also  measured  in  muscle  strength  during 
bench  press,  biceps  curls,  squats,  knee  exten¬ 


sion,  and  knee  flexion.  Neither  maximal 
anaerobic  power  (i.e.  muscular  endurance)  nor 
maximal  expiratory  pressure  were  changed 
after  the  training.  Indices  of  endurance  fit¬ 
ness  were  also  increased  in  the  present  study. 
The  relatively  small  increases  in  strength 
are  probably  due  to  the  design  of  the  exer- 
cise:rest  ratio  which  resulted  in  improved 
strength  and  aerobic  fitness.  Other  studies 
suggest  that  combined  strength  and  endurance 
training  reduces  the  rate  of  strength  increase 
usually  found  when  engaging  in  only  strength 
training.  Therefore,  it  is  recommended  that 
if  the  main  objective  of  physical  training  for 
aircrew  is  to  enhance  fitness  components  rel¬ 
evant  to  +Gz  tolerance,  then  the  available 
training  time  should  be  used  to  concentrate  on 
increasing  muscle  strength. 


Jacobs,  L,  Esbjornsson,  E,,  Sylven,  C.,  Holm,  L, 
&  Jansson,  E.  (1987).  Sprint  training  effects  on 
muscle  myoglobin,  enzymes,  fiber  types  and 
blood  lactate.  Med.  Sci.  Sports  Exercise.,  19, 
368-374. 

Abstract  The  purpose  of  this  study 
was  to  determine  if  changes  in  intra-muscular 
myoglobin  concentration  accompany  histo- 
chemical  and  enzymatic  adaptations  to’ 
supra-maximal  exercise  training.  Subjects 
were  assigned  to  either  a  training  group  {N  = 
11),  who  trained  2  to  3  times  weekly  for  6  wk, 
or  a  control  group  {N  =  6).  Training  pro¬ 
gressed  from  two  15-s  and  two  30-s  "all-out" 
sprints  on  a  cycle  ergometer  during  week  1  to 
six  15-s  and  six  30-s  bouts  per  session  during 
week  6.  The  Wingate  test  was  performed  be¬ 
fore  and  after  the  6  wk,  but  performance 
variables  were  not  changed  in  either  group. 

In  the  training  group,  peak  lactate  after  the 
Wingate  test  was  significantly  higher  after 
training.  No  significant  changes  in  enzyme 
activities,  myoglobin  concentration,  or  fiber- 
type  frequency  were  observed  in  the  control 
group.  In  contrast,  in  the  training  group,  the 
percent  fast  twitch  oxidative  fibers  in¬ 
creased,  myoglobin  decreased,  and  both  cit¬ 
rate  synthase  and  phosphofructokinase  ac- 
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tivities  increased  (P  <  0.05).  The  results  sug- 
gest  that  muscle  myoglobin  concentration  is 
not  increased  by  6  wk  of  supra-maximal  exer¬ 
cise  training  and  that  such  training  induces 
cellular  adaptations  without  accompanying 
performance  changes.  Alternatively,  the 
Wingate  test  is  not  a  sensitive  test  of  adap¬ 
tations  to  the  training. 


Knowles,  D.,  Buick,  F.,  Robbins,  G,, 

Kuhlman,  W.,  &  Weiss,  R.  (1987). 
Physiological  implications  of  wearing  CCBA 
for  NBC  protection.  In  International  Task 
Force-3. Report  No.  ITF-3.  (pp.  210-218). 
US/UK/CAN  MOU  on  CB  Defence. 
(Restricted). 

Abstract  (Restricted  Report) 


Livingstone,  S.,  Nolan,  R.,  Frim,  J.,  Reed,  L., 
&  Limmer,  R.  (1987).  A  thermographic  study 
of  the  effect  of  body  composition  and  ambient 
temperature  on  the  accuracy  of  mean  skin 
temperature  calculations.  Eur.  J.  Appl. 
Physiol,  56,  120-125. 

Abstract  The  problem  associated  with 

using  measurements  from  a  small  number  of 
sites  to  determine  mean  skin  temperature  was 
investigated  by  studying  variations  in  dis¬ 
tributions  of  skin  temperatures  of  the  bare 
torsos  of  humans  exposed  to  ambient  temper¬ 
atures  of  18, 23,  and  28°C.  Following  a  60 
minute  equilibration  period  the  temperatures 
of  four  regions  (chest,  abdomen,  upper  back, 
and  lower  back)  were  measured  using  both 
thermistors  and  an  infra-red  thermographic 
system.  Regions  of  the  torso  usually  repre¬ 
sented  by  a  single  temperature  exhibited  sig¬ 
nificant  point-to-point  temperature  varia¬ 
tions  especially  in  chilled  subjects.  Also  an 
earlier  finding  was  confirmed:  in  that  larger 
variations  in  skin  temperature  distributions 
occur  as  body  fat  content  increases.  Caution 
must  therefore  be  used  in  applying  the  con¬ 
cept  of  a  mean  skin  temperature  derived  from 


a  few  select  sites,  especially  with  nude  sub¬ 
jects  who  are  chilled  or  have  a  high  body  fat 
content. 


McLellan,  T.  M.  (1987).  The  anaerobic 
threshold;  concept  and  controversy.  Aust.  J. 
Sci.  Med.  Sport.,  19,  3-8. 

Abstract  The  purposes  of  this  review 

are  twofold.  First,  the  importance  of  under¬ 
standing  the  influence  of  a  'fast'  (power  out¬ 
put  increments  every  minute)  or  'slow' 
(increments  every  four  minutes)  incremental 
test  on  the  changes  in  gas  exchange  and  acid- 
base  measures  that  are  used  to  identify  the 
anaerobic  threshold  is  stressed.  Second,  the 
controversy  that  has  evolved  concerning  the 
concept  of  the  anaerobic  threshold  is  dis¬ 
cussed.  These  areas  of  controversy  include, 
terminology,  the  proposed  cause  and  effect 
relationship  between  the  ventilatory  and 
plasma  lactate  response,  and  intra-  and  in¬ 
terinvestigator  variability  in  the  determi¬ 
nation  of  individual  anaerobic  threshold 
values.  Hopefully,  this  review  will  assist  in 
the  standardisation  of  the  methods  used  to 
identify  the  anaerobic  threshold  and  reduce 
the  controversy  that  has  developed  within 
this  area  of  research. 


Paterson,  D.  H.,  McLellan,  T.  M.,  Stella,  R, 

S.,  &  Cunningham,  D.  A.  (1987).  Longitudinal 
study  of  ventilation  threshold  and  maximal 
02  uptake  in  athletic  boys.  /.  Appl 
Physiol,  62,  2051-2057. 

Abstract  Ventilation  threshold  (VET) 

and  peak  O2,  uptake  ( VO2  max )  were  de¬ 
termined  annually  from  ages  11  to  15  yr  in  18 
athletic  boys.  The  treadmill  protocol  con¬ 
sisted  of  a  constant-run  speed  with  grade  in¬ 
crements  every  second  minute.  Ventilation, 

VO2/  and  CO2  production  were  measured  us¬ 
ing  online  open-circuit  spirometry. 
Coefficients  of  variation  for  determination  of 
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VO2  max  and  VET  were  3.4  and  5.6%,  re¬ 
spectively.  VO2  max  increased  across  age 
11-15  yr,  from  60.8  to  68.0  ml-kg'^*min“l. 

VET  at  11  yr  was  34.4  and  at  15  yr  41.9  ml-kg" 
1.  min’l,  thus  increasing  from  56  to  62%  of 

VO2  max .  Previous  studies  of  children 
have  shown  a  decline  of  VET  relative  to 

VO2  max  across  age;  however,  in  the  pre¬ 
sent  study  the  increase  may  have  been  due  to 
the  training  of  the  boys  in  competitive  ath¬ 
letics.  However,  the  trained  youth  did  not 
achieve  the  high  relative  threshold  of 

trained  adults.  Across  age,  both  VO2  max 
and  VET  scaled  to  weight  to  the  power  1  (in  a 
log-log  transformation).  The  increase  in 

VO2  max  (1/min)  showed  greatest  incre¬ 
ments  corresponding  to  gams  in  size  (a  growth 
curve),  whereas  increases  of  VET  were  consis¬ 
tent  year  to  year.  Thus  VET  was  altered  in¬ 
dependently  of  VO2  max.  Factors  other 
than  size  (and  presumably  muscle  mass)  such 
as  the  maturation  of  an  enzymatic  profile  of 
fast  glycolytic  fibers  might  have  an  impor¬ 
tant  influence  on  the  threshold  during  youth. 


Romet,  T.  T.  (1987).  A  comparison  of  rectal, 
auditory  canal  and  esophageal  temperature 
sites  during  rewarming  from  mild  hy¬ 
pothermia.  (DCIEM  87-RR-18).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  Eight  healthy  male  volun¬ 

teers  (aged  21  to  32  yrs)  were  cooled  in  22°C 
water  on  three  occasions  and  immediately 
rewarmed  once  each  by  inhalation  of  45^C 
humidified  air  by  immersion  in  40°C  water 
and  by  spontaneous  shivering.  Three  mea¬ 
sures  of  deep  body  temperature,  rectal,  audi¬ 
tory  canal,  and  esophageal  were  followed 
during  the  cooling  and  the  subsequent  re¬ 
warming.  There  were  no  differences  in  the 
measured  rate  of  cooling  between  the  three 
core  temperature  sites.  Rewarming  for  each 
temperature  site  was  analyzed  by  the  magni¬ 
tude  of  afterdrop  by  the  duration  of  after¬ 


drop  and  by  the  rate  of  rewarming. 
Regardless  of  which  rewarming  technique 
was  studies,  temperatures  measured  at  the 
esophageal  site  always-showed  the  least 
after  drop  in  both  magnitude  and  duration  as 
compared  to  the  rectal  and  auditory  canal 
sites.  While  there  were  no  differences  in  the 
rewarming  rates  calculated  for  each  of  the 
three  sites  during  inhalation  or  spontaneous 
rewarming,  auditory  canal  and  esophageal 
sites  were  observed  to  have  significantly 
greater  rewarming  rates  than  rectal  during 
rapid  rewarming  in  40®C  water.  The  results 
show  that  the  esophageal  site  is  the  most 
sensitive  to  changes  in  deep  body  tempera¬ 
ture  during  rewarming  and  would  be  the 
method  of  choice  if  it  were  simpler  to  mea¬ 
sure.  However,  during  rewarming  in  which 
there  is  a  slow  rate  of  rewarming  as  in  spon¬ 
taneous  or  inhalation  rewarming,  all  three 
sites  appear  to  be  equally  as  effective  in  re¬ 
flecting  rewarming  rates. 


Romet,  T.  T.  (1987).  A  Comparison  of 
Inhalation,  Spontaneous  and  Rapid  External 
Rewarming  of  Mildly  Hypothermic  Subjects. 
(DCIEM  87-RR-17).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  Eight  healthy  males  were 
each  cooled  on  four  occasions  and  then  re¬ 
warmed  by  one  of  three  rewarming  proce¬ 
dures:  by  inhalation  of  warmed  and  humidi¬ 
fied  air  once  at  40°C  and  once  at  45°C,  by  im¬ 
mersion  in  40°C  water  and  by  spontaneous 
shivering.  Using  rectal  temperature  as  the 
measure  of  core  temperature,  the  results 
showed  that  rapid  external  rewarming  in 
40'^C  water  produced  the  quickest  rates  of  re¬ 
warming  along  with  the  smallest  magnitude 
and  duration  of  afterdrop.  There  were  no  sig¬ 
nificant  differences  in  rewarming  rate  or  af¬ 
terdrop  between  inhalation  rewarming  and 
spontaneously  rewarming  (shivering). 
Inhalation  rewarming  led  to  a  depressed 
metabolic  rate  as  compared  to  spontaneous 
rewarming  which  was  not  compensated  for  by 
the  heat  provided  through  the  respiratory 
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tract.  It  is  concluded  that  for  mildly  cooled 
subjects,  the  most  efficient  procedure  of  re~ 
warming  is  by  rapid  external  rewarming  in 
40°C  water. 


Romet,  T.  T.,  &  Frim,  J.  (1987).  Physiological 
responses  to  firefighting  activities.  Eur.  J, 
Appl  Physiol,  56,  633-638. 

Abstract  Eight  professional  fire 

fighters  participated  in  six  fire  fighting  sce¬ 
narios  at  a  training  facility.  Data  on  heart 
rate  (HR),  rectal  temperature  (Tre),  and  skin 
temperatures  at  the  chest  and  thigh  were 
collected  using  a  portable  data  acquisition 
system.  Average  HR  ranged  from  122  to  151 
beats  •  min"^  during  the  six  scenarios. 
Detailed  analyses  indicated  that  HR  and 
Tre,  increases  are  related  to  both  the  physi¬ 
cal  and  environmental  stresses  of  the  various 
activities  carried  out.  The  most  demanding 
activity,  that  of  building  search  and  victim 
rescue,  resulted  in  an  average  HR  of  153  beats 
•  min“l  and  Tre  rise  of  1.3°C,  while  the  least 
demanding  activity,  that  of  the  crew  captain 
who  directs  the  fire  fighting,  resulted  in  an 
average  HR  of  only  122  beats  •  min"^  and  a 
Tre  rise  of  only  0.3''C.  This  study  shows  that 
fire  fighting  is  strenuous  work  for  those  di¬ 
rectly  entering  a  building  and  performing  re¬ 
lated  duties  but  that  the  physical  demands 
of  other  activities  are  considerably  less.  The 
results  further  suggest  that  heat  strain  in¬ 
juries  in  fire  fighters  could  perhaps  be  re¬ 
duced  by  rotating  duties  frequently  with 
other  crew  members  performing  less  stressful 
work. 


Tikuisis,  P.,  Gonzalez,  R.  R.,  &  Pandolf,  K.  B. 
(1987).  Human  thermoregulatory  model  for 
whole  body  immersion  in  water  at  20  and  IS"" 
C,  (USARIEM  T23-87).  US  Army  Research 
Institute  of  Environmental  Medicine. 

Abstract  The  mathematical  models  of 

thermoregulation  of  Stolwijk  and  Hardy  and 


Montgomery  were  used  to  develop  a  model 
suitable  for  the  simulation  of  human  physio¬ 
logical  responses  to  cold-water  immersion. 
Data  were  obtained  from  experiments  where 
thirteen  healthy  male  volunteers  were  to¬ 
tally  immersed  under  resting  and  nude  condi¬ 
tions  for  1  h  in  water  temperatures  of  20  and 
28°C.  Mean  measured  rectal  temperature 
(Tj.g)  fell  by  about  0.9  and  0.5°C  in  20  and 
28®C  water  for  all  subjects,  yet  mean  mea¬ 
sured  metabolic  rate  (M)  rose  by  about  275 
and  90  W  for  the  low  body  fat  group  (n=7) 
and  195  and  45  W  for  the  moderate  body  fat 
group  (n=6).  To  predict  the  observed  Tj.^  and 
M  values,  the  present  model  a)  included 
thermal  inputs  for  shivering  from  the  skin 
independent  of  their  inclusion  with  the  cen¬ 
tral  temperature  to  accoimt  for  the  observed 
initial  rapid  rise  in  M,  b)  determined  a 
thermally  neutral  body  temperature  profile 
such  that  the  measured  and  predicted  initial 
values  of  T^.^  and  M  were  matched,  c)  con¬ 
fined  the  initial  shivering  to  the  trunk  re¬ 
gion  to  avoid  an  overly  large  predicted  ini¬ 
tial  rate  of  rectal  cooling,  and  d)  calculated 
the  steady-state  convective  heat  loss  by  as¬ 
suming  a  zero  heat  storage  in  the  skin  com¬ 
partment. 


1988 

Bell,  D.  G.,  Jacobs,  L,  Sale,  D.  G.,  & 
MacDougall,  J.  D.  (1988).  The  effect  of  con^ 
current  strength  and  endurance  training  on 
electromechanical  delay,  maximum  volun¬ 
tary  contraction,  and  rate  of  force  develop¬ 
ment  (DCIEM  88-RR-33).  Defence  &  Civil 
Institute  of  Environmental  Medicine. 

Abstract  This  study  compared  the  ef¬ 
fect  of  strength  and  endurance  training  and 
their  combination  on  electromechanical  de¬ 
lays  (EMD),  rate  of  force  development  (RFD) 
and  maximum  volimtary  isometric  contrac¬ 
tion  force  (MVC)  of  the  knee  extensors  in 
male  and  female  subjects.  The  seven  male 
and  six  female  subjects  were  separated  into  a 
strength  trained  group  (SG),  3  males  and  3 
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females,  and  an  endurance  group  (EG),  4 
males  and  3  females.  The  SG  performed 
strength  training  solely  with  one  leg  and 
combined  strength  and  endurance  training 
with  the  other  leg.  The  EG  performed  en¬ 
durance  training  solely  in  one  leg  and  com¬ 
bined  strength  and  endurance  training  in  the 
other  leg.  Strength  training  consisted  of  one 
legged  work  on  a  leg  press  weight  machine. 
Endurance  training  consisted  of  one  legged  cy¬ 
cling  on  a  cycle  ergometer.  EMD  values  were 
derived  from  electromyographic  activity 
(EMG)  recorded  from  the  vastus  lateralis 
muscle  during  MVC.  MVC  responses  were 
made  to  a  light  stimulus  and  were  performed 
with  each  leg,  pre,  mid  and  post  training. 
MVC  force  was  measured  with  a  force  trans¬ 
ducer.  Rate  of  force  development  (RED)  was 
determined  from  the  MVC/time  curves  using 
computer  software.  The  EMG,  MVC/time 
curves  and  light  signal  data  were  simultane¬ 
ously  recorded  on  FM  tape  and  later  sampled 
at  2kHz  and  stored  digitally.  The  results 
showed  that  EMD  was  significantly  reduced 
only  in  the  SG  females.  This  change  had  oc¬ 
curred  by  mid  evaluation.  Post  training  data 
showed  that  the  EMD  values  for  the  SG  fe¬ 
males  had  increased  and  were  not  different 
from  initial  levels.  EMD  times  for  the  males 
were  significantly  shorter  than  the  females. 
MVC  for  females  significantly  increased 
(approximately  40%)  and  were  similar  in 
both  legs.  The  MVC  of  the  males  in  EG 
showed  significant  and  similar  increases  m 
both  legs  (approximately  20%).  The  MVC  of 
the  males  in  the  SG  showed  no  significant 
gains  in  either  leg.  Males  were  significantly 
stronger  than  females.  Training  did  not  in¬ 
crease  RFD  and  RFD  was  greater  in  the 
males  than  the  females.  The  data  suggest 
that  the  increase  in  MVC  that  occurred  with 
training  in  this  study  was  not  related  to 
shorter  EMD  times. 


Bell,  D.  G.,  Kavanagh,  M.  F.,  &  Jacobs,  1. 
(1988).  Blood  lactate  response  to  the  CF 


EXPRES  test  (DCIEM  88-R-50).  Defence  & 
Civil  Institute  of  Environmental  Medicine. 

Abstract  This  study  evaluated  the 
blood  lactate  (LA)  response  to  stepping  exer¬ 
cise,  specifically  the  Canadian  Aerobic 
Fitness  Test  (CAFT).  It  also  compared  the 
ability  of  lactate  and  heart  rate  at  a  given 
stage  of  the  step  test  to  predict  maximal  aer¬ 
obic  power  ( VO2  max ).  Sbcty-nine  male  and 
female  CF  personnel  between  the  ages  of  30 
and  50  years  participated  in  this  study.  The 
LA  concentration  after  each  stage  of  the 
CAFT  was  measured  in  all  subjects  by  sam¬ 
pling  blood  from  the  finger-tip.  Eighteen  of 

these  male  subjects  also  had  their  VO2  max 
measured  directly  during  a  maximal  tread¬ 
mill  nm.  The  analysis  of  the  data  showed 
that  the  step  test  significantly  raised  LA  m 
both  the  male  and  female  subjects  (p<.05). 
When  the  LA  and  heart  rate  measures  at 
stage  four  of  the  step  test  was  compared  for 

their  ability  to  predict  treadmill  VO2  max, 
LA  was  the  better  predictor.  The  correlation 

between  lactate  and  VO2  max  was  -0.33, 

while  between  heart  rate  and  VO2  max  it 
was  --0.02.  These  preliminary  results  suggest 
that  lactate  measured  during  the  CAFT  is  at 
least  as  good  and  perhaps  a  better  predictor 

of  VO2  max  than  heart  rate. 


Ducharme,  M.  B.,  &  Frim,  J.  (1988).  A 
multicouple  probe  for  temperature  gradient 
measurements  in  biological  materials.  /. 
Appl  Physiol,  65,  2337-2342. 

Abstract  An  easy-to-make,  sensitive, 
thin,  flexible,  multisensor  probe  for  in  vivo 
tissue  temperature  profile  measurement  is 
described.  It  is  essentially  a  multijxmction 
thermocouple  (i.e.,  a  multicouple)  of  type-T 
composition.  Enamel-insulated  copper  wires 
(38  gauge)  were  soldered  5  mm  apart  to  one 
common  uninsulated  constantant  wire  (36 
gauge)  and  introduced  into  a  polyethylene 
tube  sealed  at  one  end.  The  total  outside  di- 
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ameter  of  the  multicouple  probe  is  <1  mm, 
and  the  maximum  number  of  junctions  using 
the  specified  wire  sizes  is  -16.  This  design 
permits  the  instantaneous  measurement  of  a 
tissue  temperature  profile  at  5  mm  intervals 
over  a  distance  of  -8  cm.  An  extensive  cali¬ 
bration  for  the  thermal  conductivity  effect  (k 
effect)  along  the  multicouple  wires  by  means 
of  a  limb  model  is  presented.  The  results 
show  that  the  temperature  readings  of  the 
individual  junctions  are  significantly  af¬ 
fected  by  the  k  effect  when  a  thermal  gradi¬ 
ent  exists  along  the  multicouple,  as  is  usually 
the  case  during  tissue  temperature  measure¬ 
ments.  However,  calibration  of  the  multi¬ 
couple  for  the  k  effect  yields  a  measurement 
accuracy  of  ±0.1  °C  under  a  wide  range  of  gra¬ 
dients.  This  probe  can  be  implanted  in  tissues 
to  measure  thermal  gradients  under  different 
physiological  conditions. 


Trim,  J.,  &  Romet,  T.  T.  (1988).  Role  of  the 
moisture! vapour  barrier  in  the  retention  of 
metabolic  heat  during  firefighting.  (DCIEM 
88-RR-40).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  relationship  between 
metabolic  heat  build-up  and  the  vapour 
permeability  of  the  barrier  layer  in  fire 
fighter  turnout  clothing  was  examined  under 
a  variety  of  conditions.  Laboratory  exercise 
tasks  were  used  to  simulate  the  work  of  fire 
fighters  performing  imder  three  different  en¬ 
vironmental  conditions,  cold,  hot  and  ex¬ 
tended  very  hot  conditions.  The  laboratory 
studies  were  followed  by  a  field  trial  in 
which  true  fire  fighting  activities  were  per¬ 
formed.  The  clothing  elements  examined  in¬ 
cluded  three  outer  shells,  five  mois¬ 
ture/vapour  barrier  configurations,  and  two 
thermal  liaers.  Ten  parameters  indicative  of 
thermal  physiological  strain  were  monitored 
in  eight  professional  fire  fighters  to  assess 
the  role  of  the  barrier  in  the  retention  of 
metabolic  heat. 

The  results  showed  that  the  mois¬ 
ture/vapour  barrier  material/configuration 


was  the  dominant  factor  in  determining 
thermal  physiological  strain,  with  the  shell 
and  liner  playing  very  minor  roles. 
Differences  in  strain  as  a  function  of  barrier 
were  discernible  even  imder  low  to  moderate 
stress,  but  became  more  pronounced  with 
higher  ambient  temperatures  and  longer 
work  periods.  The  laboratory  results  were 
clearly  substantiated  during  the  field  trial. 

It  is  concluded  that  a  full  vapour  bar¬ 
rier  of  a  material  such  as  neoprene  leads  to 
significantly  higher  thermal  physiological 
strain  than  a  vapour  permeable  water  bar¬ 
rier  of  a  material  such  as  Gore-tex®.  Partial 
coverage  barriers  of  either  material  provide 
even  greater  reduction  in  strain,  and  omission 
of  the  barrier  entirely  is  best  from  a  physio¬ 
logical  perspective.  The  best  fire  fighter 
turnout  clothing  will  be  a  compromise  be¬ 
tween  the  requirement  to  protect  against  ex¬ 
ternal  hazards  and  the  need  to  dissipate 
metabolically  generated  heat. 


Heslegrave,  R.  J.,  Frim,  J.,  Bossi,  L.,  & 
Popplow,  J.  R.  (1988).  The  psychological, 
physiological  and  performance  impact  of 
sustained  NBC  operations  on  fighter  pilots. 
(DCIEM  90-RR-08).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  The  impact  of  sustained  NBC 
operations  on  the  capability  of  CF-18  pilots 
was  investigated  during  two  weeks  of  flight 
trials  where  pilots  flew  operational  missions 
m  full  Individual  Protective  Equipment  (IPE) 
accompanied  by  a  safety  phot  in  normal 
flight  clothing.  During  each  week  of  the 
trial  3  pilots  flew  3  missions  per  day  for  two 
days  followed  by  a  single  mission  on  the 
third  day  and  remained  encapsulated  in  the 
IPE  for  up  to  8  hours  on  each  multi-mission 
day.  Over  the  two  weeks  42  successful  mis¬ 
sions  were  completed  in  full  IPE. 

The  major  finding  of  the  study  was 
that  CF-18  pilots  in  full  IPE  retained  their 
operational  effectiveness  and  showed  little 
objective  evidence  of  degraded  efficiency  or 
safety.  Both  the  objective  flight  perfor- 
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mance  information  and  objective  cognitive 
tests  failed  to  indicate  significant  impair¬ 
ment.  However,  IPE  pilots  reported  in¬ 
creased  levels  of  fatigue,  deterioration  in 
mood,  and  subjectively  reported  flight  per¬ 
formance  impairment  on  some  missions. 
Physiologically  IPE  pilots  showed  greater 
increases  in  core  temperature  than  safety  pi¬ 
lots  but  these  increases  were  not  as  severe  as 
expected  even  though  environmental  tem¬ 
peratures  were  higher  than  seasonal 
(summer)  norms.  When  pilots  were  given  an 
opportunity  to  rest  between  missions  while 
remaining  encapsulated,  their  elevated  core 
temperatures  dropped  substantially.  IPE  pi¬ 
lots  also  showed  higher  heart  rates,  reduced 
heart  rate  variability  and  reductions  in  res¬ 
piratory  sinus  arrhythmia  indicating  that 
they  were  imder  somewhat  more  physiologi¬ 
cal  stress  than  the  safety  pilots.  Finally, 
IPE  pilots  appeared  to  require  better  sleep 
than  their  safety  pilot  counterparts  to  re¬ 
cover  from  the  sustained  NBC  operation. 

The  results  suggest  that  under  condi¬ 
tions  similar  to  those  of  this  trial,  thermal 
stress  imder  operational  conditions  can  be 
minimized  and  pilots  could  operate  under 
sustained  NBC  operations  effectively  and 
safely.  As  a  caveat  to  this  conclusion,  how¬ 
ever,  there  was  evidence  of  cumulative  fa¬ 
tigue  in  these  pilots  after  two  days  and  care 
must  be  exercised  to  minimize  factors  that 
would  add  to  the  fatigue  of  pilots  and  maxi¬ 
mize  factors  that  promote  recovery  from  fa¬ 
tigue  (rest  and  sleep). 


Heslegrave,  R.  J.,  Frim,  J.,  Bossi,  L.,  & 
Popplow,  J.  R.  (1988).  Sustained  CF188  NBC 
operations:  expectations  of  performance 
degradation  and  flight  simulator  results. 
(DCIEM  88-RR-lO).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  As  part  of  Canada’s  commit¬ 
ment  to  operations  in  the  European  theatre, 
Canadian  CF188  aircrew  are  expected  to  op¬ 
erate  under  sustained  nuclear,  biological,  and 
chemical  (NBC)  conditions.  In  support  of 


this  commitment,  a  three-phase  research 
programme  is  underway  to  assess  be¬ 
havioural  and  physiological  changes  during 
sustained  NBC  operations.  The  aims  of  the 
programme  are:  (1)  to  determine  the  effects 
of  sustained  NBC  operations  on  performance; 
(2)  to  establish  personal  cooling  require¬ 
ments;  and  (3)  to  provide  a  guide  for  com¬ 
manders  on  the  changes  in  aircrew  perfor¬ 
mance  imder  sustained  NBC  conditions.  This 
report  summarizes  the  findings  from  the  first 
two  phases  of  the  project:  In  Phase  I  the  ex¬ 
pectations  of  performance  decrements  during 
sustained  and  NBC  operations  were  assessed 
by  pilots  while  in  Phase  II  a  simulated  sus¬ 
tained  NBC  operation  was  carried  out  using  a 
flight  simulator.  This  latter  phase  also  as¬ 
sessed  the  feasibility  of  the  experimental 
protocol  and  measurement  techniques  to  be 
used  in  the  final  phase  of  the  project  where 
simulator  flights  will  be  replaced  by  aircraft 
missions. 

The  results  of  Phase  I  confirmed  that 
normal  CF188  flights  lead  to  increased  fa¬ 
tigue  levels.  In  addition,  pilots  reported 
that  they  expect  their  performance  to  be 
markedly  impaired  by  both  sustained  and 
NBC  operations.  The  results  of  Phase  II 
showed  that  the  simulated  sustained  NBC 
operation  did  not  impact  greatly  on  the  pi¬ 
lots.  The  behavioural  results  indicated  that 
the  three-flight  per  day  schedule  on  succes¬ 
sive  days  did  not  produce  significant  decre¬ 
ments  in  cognitive  nor  simulator  performance. 
Subjects  did,  however,  report  increased  fa¬ 
tigue  and  deterioration  in  their  mood.  Also, 
some  aspects  of  their  sleep  suggested  that 
there  was  an  enhanced  need  for  recovery  dur¬ 
ing  sleep  following  this  regimen.  Since  am¬ 
bient  temperatures  were  cool,  subjects  were 
not  thermally  stressed  in  their  individual 
protective  ensemble  (IPE)  during  Phase  11. 
Body  temperatures  and  heart  rate  increased 
somewhat  during  the  simulator  missions  and 
then  decreased  between  simulator  missions 
while  subjects  rested  in  IPE.  From  the  first 
two  phases  of  the  project  it  was  concluded: 

(1)  that  pilots  anticipate  significant  perfor¬ 
mance  impairment  during  sustained  NBC  op¬ 
erations;  (2)  that  the  collection  of  actual 
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mission  data  using  a  multi-mission  multi-day 
protocol  is  technically  and  operationally 
feasible;  and  (3)  that  the  behavioural  or 
physiological  data  suggest  that  wearing  IPE 
during  simulator  missions  for  extended  peri¬ 
ods  under  cool  conditions  does  not  lead  to  sig¬ 
nificant  performance  impairment.  These  con¬ 
clusions  demonstrate  the  necessity  and  feasi¬ 
bility  of  assessing  sustained  NBC  operations 
under  operational  conditions. 


Jacobs,  1.  (1988).  Nutrition  for  the  elite 
footballer.  In  T.  Reilly,  A.  Lees,  K.  Davids, 

&  W.  J.  Murphy  (Eds.),  Science  and  Football 
(pp.  23-32).  London:  E.  &  F.N.  Spon. 

Abstract  This  paper  was  an  invited 

presentation  at  the  First  World  Congress  of 
Science  and  Football  held  in  Liverpool,  UK, 
in  April  1987.  The  purpose  of  the  paper  was 
to  present  the  football  practitioner  with  the 
results  of  nutrition  studies  which,  if  properly 
applied,  should  enhance  the  potential  for 
players  to  perform  at  their  physical  opti¬ 
mum.  The  majority  of  the  presentation  cen¬ 
tered  aroixnd  the  consumption  of  carbohy¬ 
drate  since  it  is  the  only  macronutrient  the 
availability  of  which  has  been  shown  to  be 
associated  with  enhanced  or  impaired  exer¬ 
cise  performance.  Competitive  football  de¬ 
mands  exercise  at  a  relatively  high  intensity 
for  a  prolonged  duration  as  well  as  maximal 
intensity,  sprint-like  exercise  performed  in¬ 
termittently  throughout  a  match.  The  rate 
at  which  the  energy  required  to  meet  these 
demands  must  be  supplied,  dictates  that  the 
musculature  is  highly  dependent  on  its  stores 
of  glycogen.  Exhaustion  of  these  stores  im¬ 
pairs  the  athlete's  ability  to  perform  up  to 
his/her  potential.  This  paper  attempted  to 
enhance  awareness  of  the  quantity  of  carbo¬ 
hydrates  one  must  consume  to  ensure  that  suf¬ 
ficient  muscle  glycogen  stores  will  be  avail¬ 
able  at  the  beginning  of  a  match  so  that  skill 
and  physical  fitness,  not  fuel  availability, 
will  decide  the  winner. 


Jacobs,  I.,  Bell,  D.,  &  Pope.,  J.  (1988). 
Comparison  of  isokinetic  and  isoinertial  lift¬ 
ing  tests  as  predictors  of  lifting  capacity.  Ewr. 
/.  Appl  Physiol,  57,  146-153. 

Abstract  This  study  compared  the  re¬ 
lationship  between  isokinetic  lifting  test 
(ILT)  performance  and  a  maximal  opera¬ 
tional  lifting  test  (OLT)  with  that  between 
an  isoinertial  progressive  lifting  test  (PLT) 
and  OLT.  Fifty  subjects  performed  the  ILT, 
PLT  and  OLT  after  familiarization  trials. 
OLT  was  defined  as  the  weight  of  the  heav¬ 
iest  crate  that  could  be  lifted  to  1.34  m  with 
a  progressive,  incremental  test.  ILT  perfor¬ 
mance  was  the  force  generated  during  a  single 
maximal  simulated  lift  on  an  isokinetic  dy¬ 
namometer.  PLT  performance  was  the  maxi¬ 
mal  weight  lifted  to  1.52  m  with  a  progres¬ 
sive,  incremental  protocol  on  a  weight  stack. 
OLT  was  highly  correlated  with  ILT  (r=0.96) 
and  PLT  (r-0.97);  the  standard  error  was  sim¬ 
ilar  for  both  linear  regression  equations.  The 
results  demonstrate  that  a  single  maximal 
voluntary  lift  on  an  isokinetic  dynamometer 
is  as  good  a  predictor  of  OLT  as  in  the  PLT 
presently  used  in  military  recruit  centers. 


Kavanagh,  M.  F.,  &  Jacobs,  I.  (1988).  Breath- 
by-breath  oxygen  consumption  during 
performance  of  the  Wingate  test.  Can.  J. 

Sport  Set,  13,  91-93. 

Abstract  The  aerobic  contribution  to 

the  Wingate  Anaerobic  Power  Test  (WAnT) 
was  evaluated  by  measuring  breath-by¬ 
breath  oxygen  consumption  ( VO2)  in  five 
male  subjects.  Assuming  an  optimal  mechani¬ 
cal  efficiency,  net  VO2,  during  the  WAnT 
could  accountfor  about  18.5%  of  the  work  per¬ 
formed. 


Leatt,  P.  B.,  &  Jacobs,  I.  (1988).  Effect  of  a 
liquid  glucose  supplement  on  muscle  glycogen 
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res)Tithesis  after  a  soccer  match.  In  T.  Reilly, 
K.  A.  Lees,  Davids,  &  W.  J.  Murphy  (Eds.), 
Science  and  Football,  (pp.  42-47).  London:  E. 
&  F.N.  Spon. 

Abstract  This  paper  was  presented  at 

the  First  World  Congress  of  Science  and 
Football  in  Liverpool,  UK,  in  April  1987.  An 
adequate  intake  of  dietary  carbohydrate  is 
necessary  to  permit  glycogen  resynthesis  fol¬ 
lowing  exercise.  The  present  study  employed 
a  glucose  polymer  supplement  to  raise  the 
carbohydrate  intake  of  some  of  the  subjects. 

It  was  hypothesized  that  the  subjects  who 
consumed  the  glucose  solution  would,  by 
virtue  of  their  higher  carbohydrate  intake, 
have  a  greater  muscle  glycogen  resynthesis 
than  a  control  group  who  ingested  a  placebo. 
Subjects  were  recruited  from  the  Canadian 
National  Youth  Soccer  Team.  After  a  com¬ 
petitive  soccer  match,  a  biopsy  was  taken 
from  the  thigh  musculature  and  they  were 
divided  into  two  groups,  balanced  for  play¬ 
ing  position.  One  group  was  given  2.5  L  of  a 
7%  glucose  polymer  solution  and  the  other 
group  was  given  an  equal  volume  of  water 
sweetened  with  an  artificial  sweetener.  The 
subjects  were  told  to  consume  the  drinks  to¬ 
gether  with  their  normal  uncontrolled  diet 
during  the  following  24  h,  after  which  they 
returned  for  another  biopsy  of  the  thigh. 
There  were  no  significant  differences  in  mus¬ 
cle  glycogen  concentration  between  the  two 
groups  either  after  the  soccer  match  or  19  h 
later.  In  conclusion,  a  glucose  polymer  sup¬ 
plement  did  not  increase  the  rate  of  muscle 
glycogen  resynthesis  following  soccer  match- 
play,  over  and  above  that  obtained  from 
normal,  imcontroUed  nutritional  intake. 


Martineau,  L.,  &  Jacobs,  I.  (1988).  Muscle 
glycogen  utilization  during  shivering 
thermogenesis  in  humans.  /.  Appl.  Physiol., 
65,  2046-2050. 

Abstract  The  purpose  of  the  present 
study  was  to  clarify  the  importance  of  skele¬ 
tal  muscle  glycogen  as  a  fuel  for  shivering 
thermogenesis  in  humans  during  cold-water 


immersion.  Fourteen  seminude  subjects  were 
immersed  to  the  shoulders  in  18°C  water  for 
90  min  or  irntil  rectal  temperature  (Tj.g)  de¬ 
creased  to  35.5°C.  Biopsies  from  the  vastus 
lateralis  muscle  and  venous  blood  samples 
were  obtained  before  and  immediately  after 
the  immersion.  Metabolic  rate  increased  dur¬ 
ing  the  immersion  to  3.5  ±  0.3  (SE)  times  rest¬ 
ing  values,  whereas  Tj-g  decreased  by  0.9°C  to 
35.8°C  at  the  end  of  the  immersion. 
Intramuscular  glycogen  concentration  in  the 
vastus  lateralis  decreased  from  410  ±  15  to 
332  + 18  mmol  glucose/kg  dry  muscle,  with 
each  subject  showing  a  decrease  (P  <  0.001). 
Plasma  volume  decreased  (P  <  0.001) 
markedly  during  the  immersion  (-24  +  1  %). 
After  correcting  for  this  decrease,  blood  lac¬ 
tate  and  plasma  glycerol  levels  increased  by 
60  (P  <  0.05)  and  38%  (P  <  0.01),  respectively, 
whereas  plasma  glucose  levels  were  reduced 
"by  20%  after  the  immersion  (P  <  0.001).  The 
mean  expiratory  exchange  ratio  showed  a 
biphasic  pattern,  increasing  initially  during 
the  first  30  min  of  the  immersion  from  0.80  ± 
0.06  to  0.85  ±  0.05  (P  <  0.01)  and  decreasing 
thereafter  toward  basal  values.  The  results 
demonstrate  clearly  that  intramuscular 
glycogen  reserves  are  used  as  a  metaboUc  sub¬ 
strate  to  fuel  intensive  thermogenic  shiver¬ 
ing  activity  of  hrnnan  skeletal  muscle. 


McLellan,  T.,  Jacobs,  L,  &  Lewis,  W.  (1988). 
Acute  altitude  exposure  and  altered  acid- 
base  states.  Part  I:  Effects  on  the  exercise 
ventilation  and  blood  lactate  response.  Eur.  J. 
Appl.  Physiol,  57,  435-444. 

Abstract  This  study  examined  the  in¬ 
fluence  of  acute  altitude  (AL)  exposure  alone 
or  in  combination  with  metabolic  acid-base 
manipulations  on  the  exercise  ventilatory 
and  blood  lactate  responses.  Four  subjects 
performed  a  4  min,  30  W  incremental  test  to 
exhaustion  at  ground  level  (GL)  and  a  4  min, 
20  W  incremental  test  during  three  acute  ex¬ 
posures  to  a  simulated  altitude  of  4200  m;  (i) 
normal  (NAL),  (ii)  following  0.2  g-kg'l  in¬ 
gestion  of  sodium  bicarbonate  (BAL),  and 
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(Mi)  following  0.5  g-day'^  ingestion  of  aceta- 
zolamide  for  2  days  prior  to  exposure  (AAL). 

Vg  •  V02’^  increased  progressively 
throughout  the  incremental  tests  at  AL  and 
the  minimum  value  was  not  related  to  a 
change  in  the  blood  lactate  response.  In  con¬ 
trast,  the  Vp‘V(202’*^/  decreased  initially  to 
reach  a  minimum  value  at  the  same  power 
output  for  each  altitude  trial  and  was  re¬ 
lated  to  a  lactate  threshold  defined  by  a  log- 
log  transformation  (r  =  0.78).  This  transfor¬ 
mation  of  the  blood  lactate  data  was  not  in¬ 
fluenced  by  the  altered  acid-base  states.  The 
relative  exercise  intensity  corresponding  to 
both  a  A  lactate  of  1  mM  and  an  absolute  lac¬ 
tate  of  4  mM  was  significantly  increased  dur¬ 
ing  the  AAL  (79.9  ±  12.9  and  93.9  ±  13.7% 

VO2  max,  respectively)  compared  with 

NAL  (59.1  ±  5.5  and  78.0  ±  5.8%  VO2  max, 
respectively).  These  data  suggest  that  strong 
relationships  exist  between  the  ventilatory 
and  blood  lactate  response  during  AL  expo¬ 
sure  and  altered  acid-base  states.  Further,  it 
is  concluded  that,  unless  the  acid-base  status 
is  known,  the  use  of  an  absolute  or  A  lactate 
value  to  compare  submaximal  exercise  should 
be  interpreted  with  caution. 


McLellan,  T.  M.,  Jacobs,  L,  &  Lewis,  W. 
(1988).  Acute  altitude  exposure  and  altered 
acid-base  states.  Part  II:  Effects  on  exercise 
performance  and  muscle  and  blood  lactate. 
Eur.  f,  Appl  Physiol,  57,  445-451. 

Abstract  This  study  examined  the  in¬ 
fluence  of  the  respiratory  alkalosis  of  acute 
altitude  (AL)  exposure  alone  or  in  combina¬ 
tion  with  metabolic  acid-base  manipulations 
on  exercise  performance  and  muscle  and  blood 
lactate  accumulation.  Four  subjects  exercised 
for  10  min  at  50%  and  75%  and  to  exhaustion 

at  90%  of  ground  level  (GL)  VO2  max,  and 
at  the  same  relative  exercise  intensities  dur¬ 
ing  three  exposures  to  a  simulated  altitude  of 
4200  m;  (i)  normal  (NAL),  (ii)  following  0.2  g 
•  kg"^  ingestion  of  sodium  bicarbonate  (BAL), 


and  (iii)  following  0.5  g  •  kg~^  ingestion  of  ac- 
etazolamide  for  2  days  prior  to  exposure 
(AAL).  Muscle  and  blood  lactate  values  were 
similar  throughout  exercise  for  GL  and  NAL. 
Although  muscle  lactates  were  similar 
among  AL  conditions  blood  lactate  was  re¬ 
duced  for  AAL  and  increased  following  ex¬ 
haustive  exercise  for  BAL  compared  with 

NAL.  Time  to  exhaustion  at  90%  VO2  max 
was  increased  for  NAL  (10.4  ±1.6  min)  com¬ 
pared  with  GL  (7.1  ±  0,2  min).  Performance 
time  was  decreased  for  AAL  (6.3  ±  2.8  min) 
compared  with  NAL  and  BAL  (12.4  ±  4.2 
mm).  These  data  suggest  that  the  induced 
respiratory  alkalosis  of  acute  AL  exposure 
may  enhance  exercise  performance  at  high 
relative  intensities.  In  contrast,  the  inges¬ 
tion  of  acetazolamide  before  AL  exposure 
would  have  detrimental  effects  on  perfor¬ 
mance.  The  mechanism  responsible  for  these 
changes  may  relate  to  the  possible  influence 
of  altered  extracellular  acid-base  states  on 
intracellular  hydrogen  ion  accumulation  and 
lactate  release. 


Romet,  T.  T.  (1988).  Mechanism  of  after  drop 
after  cold  water  immersion.  /.  Applied 
Physiol,  65(4),  1535-38. 

Abstract  It  was  hypothesized  that  if 
afterdrop  is  a  purely  conductive  phenomena, 
the  afterdrop  during  rewarming  should  pro¬ 
ceed  initially  at  a  rate  equal  to  the  rate  of 
cooling.  Ei^t  male  subjects  were  cooled  on 
three  occasions  in  22°C  water  and  rewarmed 
once  by  each  of  three  procedures,  sponta¬ 
neously  shivering,  inhalation  of  heated 
(45°C)  and  humidified  air,  and  immersion  up 
to  the  neck  in  40‘^C  water.  Deep  body  tem¬ 
perature  was  recorded  at  three  sites,  esopha¬ 
gus  auditory  canal  and  rectum.  During  spon¬ 
taneous  and  inhalation  rewarming,  there 
were  no  significant  differences  between  the 
cooling  (final  30  min)  and  afterdrop  (initial 
10  min)  rates  as  calculated  for  each  deep 
body  temperature  site,  thus  supporting  the 
hypothesis.  During  rapid  rewarding,  the  af¬ 
terdrop  rate  was  significantly  greater  than 
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during  the  preceding  cooling  suggesting  a  con¬ 
vective  component  contributing  to  the  in¬ 
creased  rate  of  fall.  The  rapid  reversal  of 
the  afterdrop  also  indicates  that  a  convec¬ 
tive  component  contributes  to  the  rewarming 
process  as  well. 


Romet,  T.  T.,  &  Hoskins,  R.  W.  (1988). 
Temperature  and  metabolic  responses  to  in¬ 
halation  and  bath  rewarming  protocols. 
Aviat.  Space  Environ.  Med.,  59,  630-34. 

Abstract  Rewarming  of  mildly  hy¬ 

pothermic  subjects  was  compared  using  three 
different  techniques  that  have  been  sug¬ 
gested  for  use  in  field  situations.  Eight  sub¬ 
jects  were  cooled  for  up  to  one  hour,  on  four  oc¬ 
casions,  in  a  filled  whole  body  water 
calorimeter  controlled  at  22°C.  Following 
cooling,  rewarming  was  initiated  by  one  of 
four  procedures:  inhalation  of  warmed  and 
humidified,  air  at  40°C  or  45 ®C,  immersion  in 
40°C  water,  or  spontaneously  by  shivering. 
Deep  body  temperature  was  recorded  simul¬ 
taneously  at  three  different  sites,  rectal, 
esophageal  and  auditory  canal.  Skin  tem¬ 
peratures  were  recorded  from  four  sites: 
chest,  forearm,  thigh  and  calf.  Results 
showed  that  rapid  external  rewarming  in 
40°C  water  produced  the  quickest  rate  of  re¬ 
warming  and  smallest  magnitude  and  dura¬ 
tion  of  afterdrop.  Regardless  of  which  re¬ 
warming  protocol  was  followed,  the 
esophageal  site  always  showed  the  smallest 
afterdrop.  Although  there  were  no  differ¬ 
ences  in  the  rewarming  rates  calculated  for 
each  of  the  three  core  temperature  sites  dur¬ 
ing  inhalation  and  spontaneous  rewarming, 
both  auditory  canal  and  esophageal  sites 
rose  significantly  quicker  than  rectal  during 
the  rapid  rewarming  in  40°C  water. 

Inhalation  rewarming  led  to  a  depressed 
metabolic  rate  as  compared  to  spontaneous 
rewarming  which  was  not  compensated  for  by 
the  heat  provided  through  the  respiratory 
tract.  It  was  concluded  that  for  mildly  hy¬ 
pothermic  subjects,  rapid  rewarming  in  40°C 
water  was  the  most  efficient  procedure  and 


that  esophageal  temperature,  the  closest 
approximation  of  aortic  blood  or  cardiac 
temperature,  is  the  most  sensitive  to  change 
during  rewarming  by  any  procedure. 
Inhalation  rewarming  may  be  suitable  as  a 
passive  rewarming  technique  by  eliminating 
respiratory  heat  loss,  allowing  rewarming  to 
occur  and  while  preserving  metabolic  stores. 


Smith,  D.  J.,  Edwards,  J.  S.  A.,  &  Jacobs,  I. 
(1988).  Nutrient  requirements  and 
recommendations  for  military  personnel, 
(INM  25/88).  Royal  Navy  Institute  of  Naval 
Medicine. 

Abstract  Nutrient  requirements,  in¬ 
cluding  water,  and  Recommended  Dietary 
Intakes  for  military  personnel  are  by  their 
very  nature  an  imprecise  calculation  espe¬ 
cially  when  applied  to  individuals.  This 
has  resulted  in  recommendations  being  made, 
not  for  individuals,  but  for  particular  sub¬ 
groups  of  the  population.  Using  data  avail¬ 
able  from  civilian  sources  and  from  a  range  of 
NATO  nations,  recommendations  on  which 
dietary  management  should  be  based  are  pre¬ 
sented.  The  Recommended  Dietary  Intakes 
of  nutrients  are  summarized.  They  are  based 
on  information  currently  available. 
Modifications  will  need  to  be  made  as  addi¬ 
tional  research  data  becomes  available.  It  is 
recommended  that  they  be  adopted  by  the 
Armed  Forces  for  the  planning  and  monitor¬ 
ing  of  military  diets  both  in  and  out  of  bar¬ 
racks.  Using  nutritional  strategies  to  en¬ 
hance  military  performance  is  a  relatively 
new  concept.  Dedicated  research  in  this  area 
wiU  be  required  if  nutritional  status  is  to  con¬ 
tribute  towards  the  health  and  performance 
of  military  personnel. 


Symons,  J.  D.,  Bell,  D.  G.,  Pope,  J., 
VanHelder,  T.,  &  Myles,  W.  S.  (1988). 
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Electro-mechanical  response  times  and  mus¬ 
cle  strength  after  sleep  deprivation.  Can. 
Journal  of  Sport  Sciences.,  13,  225-230. 

Abstract  This  study  examined  the  ef¬ 
fect  of  60  h  of  sleep  deprivation  (SD)  on  elec¬ 
tromechanical  response  times  (EMRT),  max¬ 
imal  voluntary  isometric  contraction  (MVC), 
rate  of  force  development  (RFD),  and  times 
required  to  reach  various  percentages  of 
MVC,  during  a  maximal  voluntary  isometric 
contraction  of  both  the  forearm  flexors  and 
leg  extensors.  Eleven  male  subjects  were  ei¬ 
ther  sleep  deprived  for  60  h  (E)  or  performed 
similar  daily  activities  and  slept  7  h  per 
night  (C).  Performance  variables  were  eval¬ 
uated  at  the  same  time  intervals  during  both 
conditions.  No  significant  differences  were 
observed  between  the  E  and  C  conditions  for 
EMRT  (pre-motor  time,  electromechanical 
delay,  total  reaction  time)  or  muscular  per¬ 
formance  (MVC,  RFD).  The  results  suggest 
that  subjects  who  have  undergone  60  h  of  SD 
can  react  as  fast,  and  with  as  much  force,  as 
those  who  have  had  7  h  of  sleep  per  night. 


Tikuisis,  P.,  &  Gonzalez,  R.  R.  (1988). 
Rational  considerations  for  modelling  human 
thermoregulation  during  cold  water  immer¬ 
sion.  ASHRAE  Trans.,  94(1),  1361-1370. 

Abstract  Immersion  in  cold  water 
brings  about  large  changes  in  body  tempera¬ 
ture  and  metaboUsm  that  add  to  ^e  com- 
plexity  of  modeling  human  thermoregula¬ 
tion.  Three  specific  problems  peculiar  to  such 
modeling  are  examined;  they  are  (1)  finite- 
difference  solution  of  the  bioheat  equation; 
(2)  differences  between  predicted  and  mea¬ 
sured  initial  conditions;  and  (3)  prediction  of 
convective  heat  loss.  An  optimization  of  the 
finite-difference  solution  of  the  simpler,  but 
related,  heart  conduction  problem  is  pre¬ 
sented.  A  greater  benefit  is  obtained  by  in¬ 
creasing  the  nximber  of  nodes  rather  than  de¬ 
creasing  the  integration  time  interval.  A 
procedure  is  given  for  matching  the  predicted 
and  measured  initial  values  of  the  deep  body 


temperature  and  the  metabolic  rate,  which 
allows  a  more  accurate  determination  of  set- 
point  values  for  thermoregulation.  To  cir¬ 
cumvent  the  acute  sensitivity  to  the  skin- wa¬ 
ter  temperature  difference  using  the  conven¬ 
tional  prediction  of  convective  heat  loss,  use 
of  a  heat  balance  during  steady  state  of  the 
skin  temperature  is  outlined. 


Tikuisis,  P.,  Gonzalez,  R.  R.,  Oster,  R.  A.,  & 
Pandolf,  K.  B.  (1988).  Role  of  body  fat  in  the 
prediction  of  the  metabolic  response  for 
immersion  in  cold  water.  Undersea  Biomed. 
Res.,  25(2),  123-134. 

Abstract  Several  empirical  models  for 
predicting  the  metaboHc  response  to  a  low¬ 
ered  body  temperature  have  been  evaluated 
against  available  data  of  young  healthy 
males  immersed  in  cold  water  under  resting 
conditions.  Nude  immersions  took  place  in  20 
and  24°C  water  for  1  h,  and  clothed  immer¬ 
sions  took  place  in  10  and  15°C  for  3  h.  The 
data  were  pooled  according  to  low  and  high 
percent  body  fat  (%BF).  Decreases  in  the 
mean  weighted  skin  temperature  (Ts)  ranged 
from  5.3  to  11.9°C  and  decreases  in  the  core 
temperature  (Tc)  ranged  from  0.56  to  1.54°C, 
while  increases  in  the  metabolic  rate  over 
the  immersion  period  ranged  from  34  to  256 
W.  Through  regression  analysis,  an  inverse 
relationship  between  %BF  and  the  metaboHc 
response  for  a  given  lowered  Tsk  and  lowered 
Tc  was  established.  When  this  relationship 
was  explicitly  applied  to  the  models,  signif¬ 
icant  improvements  in  their  predictive  capa¬ 
bility  were  found.  Variables  such  as  body 
weight,  body  surface  area,  and  the  rate  of 
change  of  Tsk  were  not  found  to  contribute  to 
the  predictive  capability  of  the  models. 


Tikuisis,  P.,  Gonzalez,  R.  R.,  &  Pandolf,  K.  B. 
(1988).  Thermoregulatory  model  for 
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immersion  of  humans  in  cold  water.  /.  Appl 
Physiol,  64(2),  719-727. 

Abstract  The  mathematical  models  of 
thermoregulation  of  Stolwijk  and  Hardy, 
and  Montgomery  were  used  to  develop  a 
model  suitable  for  the  simulation  of  human 
physiological  responses  to  cold-water  im¬ 
mersion.  Data  were  obtained  from  experi¬ 
ments  where  1:1  healthy  male  volunteers 
were  totally  immersed  under  resting  and  nude 
conditions  for  1  h  in  water  temperatures  of  20 
and  28°C.  At  these  temperatures,  the  mean 
measured  rectal  temperature  (Tre)  fell  by 
-0.9  and  O.S^^C,  respectively,  yet  mean  mea¬ 
sured  metabolic  rate  (M)  rose  by  -275  and  90 
W  for  the  low  body  fat  group  (n  =  7)  and  195 
and  45  W  for  the  moderate  body  fat  group  (n 
=  6).  To  predict  the  observed  Tre  and  M  val¬ 
ues,  the  present  model  1)  included  thermal 
inputs  for  shivering  from  the  skin  indepen¬ 
dent  of  their  inclusion  with  the  central  tem¬ 
perature  to  accoimt  for  the  observed  initial 
rapid  rise  in  M,  2)  determined  a  thermally 
neutral  body  temperature  profile  such  that 
the  measured  and  predicted  initial  values  of 
Tre  and  M  were  matched,  3)  confined  the  ini¬ 
tial  shivering  to  the  trunk  region  to  avoid  an 
overly  large  predicted  initial  rate  of  rectal 
cooling,  and  4)  calculated  the  steady-state 
convective  heat  loss  by  assuming  a  zero  heat 
storage  in  the  skin  compartment  to  circum¬ 
vent  the  acute  sensitivity  to  the  small  skin- 
water  temperature  difference  when  using 
conventional  methods.  The  last  three  modi¬ 
fications  are  imique  to  thermoregulatory 
modeling. 


Tikuisis,  P.,  Gonzalez,  R.  R.,  &  Pandolf,  K.  B. 
(1988).  Prediction  of  human 
thermoregulatory  responses  and  endurance 
time  in  water  at  20  and  24°G.  AviaL  Space 
Environ.  Med.,  59,  742-748. 

Abstract  A  multi-compartmental 
mathematical  model  for  predicting  human 
thermoregulatory  responses  was  applied  to 
immersion  in  moderately  cold  water.  Data 


were  used  from  experiments  where  eight 
healthy  male  volunteers  were  immersed 
nude  and  up  to  the  neck  for  I  h  in  water  at  20 
and  24°C  under  conditions  of  rest  and  exercise. 
Rectal  temperature  and  metabolic  rate  were 
measured  before  and  during  immersion.  Once 
agreement  between  the  model  prediction  and 
experimental  observation  was  obtained,  the 
model  was  used  for  prediction  beyond  the  du¬ 
ration  of  the  experiment.  Stabilization  of 
core  temperature  was  predicted  after  4-5  h  of 
immersion  for  rest  and  after  2-4  h  for  exer¬ 
cise.  Stabilization  for  resting  individuals 
has  been  observed  in  other  experiments  under 
similar  conditions.  These  results  suggest  that 
linear  extrapolations  based  on  linear  body 
cooling  rates  are  inadequate  for  predicting 
endurance  times  in  moderately  cold  water.  In 
this  study,  predicted  endurance  times  were 
based  on  the  concept  of  relative  exercise  in¬ 
tensity  and  are  in  agreement  with  the  lim¬ 
ited  data  available. 


Vallerand,  A.  L.,  Prim,  J.,  &  Kavanagh,  M. 
F.  (1988).  Plasma  glucose  and  insulin 
responses  to  oral  and  intravenous  glucose  in 
cold-exposed  humans./.  Appl  ^ysiol,  65, 
2395-2399. 

Abstract  Although  glucose  tolerance 
and  skeletal  muscle  glucose  uptake  are 
markedly  improved  by  cold  exposure  in  ani¬ 
mals,  Httle  is  known  about  such  responses  in 
humans.  This  study  used  two  variations  of  a 
glucose  tolerance  test  (GTT)  to  investigate 
changes  in  carbohydrate  metabolism  in 
healthy  males  during  nude  exposure  to  cold. 
In  experiment  1,  an  oral  GTT  was  performed 
in  the  cold  and  in  the  warm  (3  h  at  10  or 
29°C).  To  bypass  the  gastrointestinal  tract, 
and  to  suppress  hepatic  glucose  output,  a  sec¬ 
ond  experiment  was  carried  out  as  described 
above,  using  an  intravenous  GTT.  Even 
though  cold  exposure  raised  metabolic  rate 
>2.5  times,  plasma  glucose  and  insulin  re¬ 
sponses  to  an  oral  GTT  remained  unaltered. 
In  contrast,  cold  exposure  reduced  the  entire 
plasma  glucose  profile  as  a  function  of  time 
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during  the  intravenous  GTT  (P  <  0.05),  as 
plasma  glucose  was  returned  to  basal  levels 
within  1  h  in  comparison  to  a  full  2  h  in  the 
warm,  despite  low  insulin  levels.  The  results 
of  the  intravenous  GTT  demonstrate  that 
even  with  low  insulin  levels,  carbohydrate 
metabolism  is  increased  in  cold-exposed 
males.  This  effect  could  be  masked  in  the 
oral  GTT  by  gastrointestinal  factors  and  a 
high  hepatic  glucose  output.  Cold  exposure 
may  enhance  insulin  sensitivity  and/or  re¬ 
sponsiveness  for  glucose  uptake,  mainly  in 
shivering  skeletal  muscles. 


1989 

Bell,  D.  G.,  &  Jacobs,  1.  (1989).  Muscle  fiber- 
specific  glycogen  utilization  in  strength- 
trained  males  and  females.  Med.  Sci.  Sports 
Exercise,  21(6),  649-654. 

Abstract  This  study  evaluated  the  ef¬ 
fect  of  strength  training  on  glycogen  utiliza¬ 
tion  in  slow  twitch  (ST)  and  fast  twitch  (FT) 
muscle  fibers  during  repeated  maximal  uni¬ 
lateral  isokinetic  leg  extensions  at  180°/s. 
Strength  trained  (5  males,  4  females)  and  im- 
trained  (4  males,  6  females)  subjects  per¬ 
formed  3  sets  of  50  maximum  voluntary  con¬ 
tractions  (MVC)  at  this  velocity  with  10  min 
rest  intervals  between  sets.  Biopsies  were 
taken  from  the  vastus  lateralis  muscle  .before 
and  after  each  exercise  session.  Glycogen  con¬ 
tent  of  the  fibers  was  quantified  as  optical 
density  (OD)  using  microspectrophotometric 
densitometry  on  serial  cross  sections  of  muscle 
tissue  stained  with  a  periodic  acid/Schiff 
reagent  stain  after  individual  fibers  were 
identified  as  ST  or  FT  according  to  a  stain  for 
myofibrillar  ATPase  activity.  Analysis  of 
variance  with  repeated  measures  yielded 
the  following  results:  OD,  i.e.  glycogen,  was 
reduced  similarly  in  both  fiber  types  after 
exercise,  but  only  in  the  males  (p=0.02); 
there  was  no  sigriificant  main  effect  of  train¬ 
ing  status  per  se  (i.e.  strength-trained  vs.  xm- 
trained).  These  results  indicate  that  years  of 
strength  training  do  not  change  the  pattern 


of  muscle  fiber-specific  glycogen  utilization 
during  repeated  dynamic  MVCs. 


Ducharme,  M.  B.,  Larochelle,  J.,  &  Richard., 
D.  (1989).  Thermogenic  capacity  in  gray  and 
black  morphs  of  the  gray  squirrel,  Sciurus 
carolinensis.  Physiol  Zool,  62,  1273-1293. 

Abstract  During  cold  exposure,  winter- 

acclimatized  gray  squirrels  are  capable  of  a 
peak  metabolic  rate  13.5  times  their  pre¬ 
dicted  standard  metabolic  rate  (SMR).  Some 
20%-25%  of  the  cold-induced  beat  production 
is  due  to  nonshivering  thermogenesis  (NST). 
The  remainder  is  attributed  to  shivering  and 
indicates  a  capacity  to  reach  a  metabolic 
rate  10  times  the  predicted  SMR  by  shiver¬ 
ing.  This  performance  ranks  among  the 
highest  reported  for  homeothermic  animals. 
In  contrast  to  shivering,  NST  is  subjected  to 
seasonal  variation  in  the  gray  squirrel.  The 
maximum  noradrenaline-invoked  thermoge¬ 
nesis  is  3.2-3.5  times  greater  in  cold-acclima¬ 
tized  than  in  warm-acclimatized  animals. 
This  is  primarily  interpreted  as  a  means  to 
extend  the  thermal  zone  over  which  muscles 
can  be  freely  allocated  to  activities  other 
than  shivering.  While  the  heat  production 
induced  by  cold  is  independent  of  color  morph 
in  warm-acclimatized  squirrels,  black  indi¬ 
viduals  have  a  greater  NST  capacity  (by 
11%)  and  a  lesser  rate  of  estimated  heat  loss 
in  the  cold  (by  18%  at  -  10°C)  than  gray  ones. 
These  results  are  consistent  with  the  re¬ 
ported  predominance  of  melanistic  morphs  in 
the  northern  part  of  the  species'  distribution. 


Frim,  J.  (1989).  Head  cooling  is  desirable  but 
not  essential  for  preventing  heat  strain  in 
pilots.  Aviat  Space  Environ.  Med.,  60,  1056- 
1062. 

Abstract  Liquid-cooled  garments 

(LCGS)  are  being  considered  for  reducing 
heat  strain  in  pilots.  While  head  cooling 
has  been  shown  to  be  thermally  efficient  and 
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subjectively  desirable.  It  is  technically  diffi¬ 
cult  to  achieve.  This  laboratory  study  was 
carried  out  to  see  if  head  cooling  in  addition 
to  torso  cooling  is  a  necessity.  Six  male  sub¬ 
jects  wore  a  cooling  vest  and  cap  under  sum¬ 
mer  flight  clothing  on  three  occasions  in  a 
climatic  chamber  set  at  =  42°C,  = 

32°C  (RH  =  50%),  Tg  =  52°C  at  head  position, 
WBGT  =  35°C.  Cooling  conditions  were:  con¬ 
trol  (CTRL),  no  fluid  circulation;  condition 
VEST,  only  torso  cooling;  condition  HEAD, 
both  torso  and  head  cooling.  Cooling  fluid 
was  circulated  from  a  reservoir  maintained 
at  10°C.  Subjective  thermal  comfort  assess¬ 
ments  confirmed  the  desirability  of  head 
cooling,  but  performance  measurements  and 
physiological  measurements  of  thermal 
strain  showed  no  statistically  significant 
differences  between  conditions  VEST  and 
HEAD.  It  was  concluded  that  head  cooling  is 
desirable  but  not  essential. 


Graham,  K.  S.,  &  McLellan,  T.  M.  (1989). 
Variability  of  time  to  exhaustion  and  oxygen 
deficit  in  supramaximal  exercise.  Aust,  /.  Sci, 
Med.  Sport,  21,  88-90. 

Abstract  To  examine  the  variance  in 

time  to  exhaustion  (TE)  and  oxygen  deficit 
(02D)  in  supramaximal  exercise,  four  trained 
male  cyclists  repeated  rides  at  an  intensity 

equivalent  to  120%  V02niax  power  output. 
Oxygen  deficit  was  calculated  as  the  differ¬ 
ence  between  the  predicted  oxygen  consump¬ 
tion  and  the  measured  oxygen  consirmption. 
Individual  coefficients  of  variation  (CV)  of 
8.6-12.6%  for  TE  and,  7.9-12.5%  for  02D  were 
reported.  No  significant  differences  in  TE  or 
02D  were  determined  across  the  four  tests  (p 
>  0.05).  It  is  concluded  that  the  oxygen 
deficit  may  be  a  reliable  means  of  assessing 
changes  in  anaerobic  capacity  in  training  or 
metabolic  studies  designed  to  improve  imder- 
standing  of  glycolytic  processes. 


Jacobs,  I.,  Van  Loon,  D.,  Pasut,  L.,  Pope,  J., 
Bell,  D.,  Kavanagh,  M.,  Beach,  A., 
Scherzinger,  M.,  &:  Kerrigan-Brown,  D. 
(1989).  Physical  performance  and 
carbohydrate  consumption  in  CP  commandos 
during  a  5-day  field  trial,  (DCIEM  89-RR- 
48).  Defence  &  Civil  Institute  of 
Environmental  Medicine. 

Abstract  This  study  evaluated  the  ca¬ 
pacity  of  military  personnel  to  perform  max¬ 
imal  exercise  before  and  after  5  days  of  sus¬ 
tained  physical  activity.  An  additional 
goal  was  to  evaluate  whether  a  carbohy¬ 
drate  supplement  to  the  regular  field  rations 
would  reduce  the  extent  of  any  performance 
impairments.  Subjects  (Ss)  were  29  male  vol¬ 
unteers  from  the  Canadian  Forces  Airborne 
Regiment.  They  were  allowed  4-5  h  sleep 
each  24  h  and  45  min  per  meal,  but  were  oth¬ 
erwise  continuously  occupied  with  physi¬ 
cally  demanding  missions  in  a  field  environ¬ 
ment.  Mean  24  h  energy  expenditure  in  the 
field  was  estimated  from  continuous  HR 
recordings  and  direct  oxygen  uptake  mea¬ 
surements  with  field  portable  equipment, 
and  ranged  from  5500  to  6500  kcal. 

Nutritional  energy  consumption  of  regular 
field  rations  (Individual  Meal  Packets,  IMP) 
was  carefully  monitored;  regular  IMPS,  con¬ 
taining  about  3600  kcal/day  were  distributed 
to  half  of  the  Ss,  while  the  remaining  Ss 
were  free  to  eat  IMPs  but  were  also  instructed 
to  consume  starch  candies  containing  240  g 
carbohydrates  (960  kcal)  each  day. 
Performance  tests  administered  2  days  before 
and  at  the  end  of  the  5-day  field  trial  in¬ 
cluded  evaluations  of  maximal  aerobic  power 
during  cycle  exercise,  anaerobic  power,  mus¬ 
cular  strength  and  endurance,  rate  of  maxi¬ 
mal  force  development  and  reaction  time. 
Muscle  and  blood  tissue  samples  were  ob¬ 
tained  before  and  after  the  trial  to  clarify 
the  relative  contribution  of  fat  and  carbohy¬ 
drate  energy  stores  to  meeting  the  metabolic 
cost  of  the  field  trial.  The  results  demon¬ 
strated  that  the  Ss  were  in  a  marked  nega¬ 
tive  caloric  balance  by  the  end  of  the  field 
trial.  Skeletal  muscle  glycogen  stores  were 
markedly  depleted.  In  association  with 
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these  changes  there  were  significant  im¬ 
pairments  at  the  end  of  the  trial  in  maximal 
aerobic  power,  maximal  dynamic  strength, 
and  anaerobic  power  of  large  muscle  groups. 
These  observations  have  direct  implications 
for  mission  planning  and  physical  perfor¬ 
mance  expectations  of  military  units  in¬ 
volved  in  sustained  operations. 


Leatt,  P.,  &  Jacobs,  L  (1989).  Effect  of  glucose 
polymer  ingestion  on  glycogen  depletion 
during  a  soccer  match.  Can.  }.  Sport  ScL,  14, 
112-116. 

Abstract  The  effect  on  muscle  glycogen 

utilization  of  drinking  a  glucose  polymer  so¬ 
lution  before  and  during  a  soccer  match  was 
studied.  Ten  male  soccer  players  were  di¬ 
vided  into  two  groups  balanced  both  for 
playing  position  and  between  the  two  teams. 
Five  players  on  the  experimental  team  (ET) 
ingested  0.5  L  of  7%  glucose  polymer  solution 
10  min  before  the  game  and  at  half-time. 

Five  control  team  (CT)  players  ingested 
equal  volumes  of  placebo  at  the  same  times. 
The  players  were  biopsied  in  the  vastus  lat¬ 
eralis  before  and  after  the  game.  The  change 
in  muscle  glycogen  was  less  (p  <  0.01)  in  ET 

(111  ±  24  mmol  glucose  units  •  kg“^  dry  mus¬ 
cle)  than  in  CT  (181  ±  24  mmol  •  kg“^).  Blood 
glucose  concentration  was  not  changed  after 
the  game  in  either  group.  This  study  demon¬ 
strates  that  glucose  ingestion  reduces  net  mus¬ 
cle  glycogen  utilization  in  a  field  setting,  i.e. 
soccer  match  play. 


Martineau,  L.,  &  Jacobs,  L  (1989).  Free  fatty 
acid  availability  and  temperature  reg¬ 
ulation  in  cold  water.  /.  Appl  Physiol,  67, 
2466-2472. 

Abstract  The  purpose  of  this  study 

was  to  investigate  whether  a  reduced  avail¬ 
ability  of  plasma  free  fatty  acids  (FFA) 
would  impair  human  temperature  regulation 
during  cold  exposure.  Seven  seminude  male 


subjects  were  immersed  on  two  occasions  in 
18°C  water  for  90  min  or  until  their  rectal 
temperature  (Tj.g)  decreased  to  35.5°C.  The 
immersion  occurred  after  2  h  of  intermittent 
oral  ingestion  of  either  nicotinic  acid  (NIC) 
or  a  placebo  (FLAG).  Plasma  FFA  levels 
immediately  before  the  immersion  were  sig¬ 
nificantly  lower  in  NIC  (87  ±  15  |imo/L)  than 
in  PLAC  (655  ±  116  pmol/L,  P  <  0.05). 
Although  FFA  levels  increased  by  73%  in 
NIC  during  the  immersion  (P  <  0.05),  they 
remained  significantly  lower  than  in  PLAC 
(151  ±  19  vs.  716  ±  74  jamol/L,  P  <  0.05) 
throughout  the  immersion.  Muscle  glycogen 
concentrations  in  the  vastus  lateralis  de¬ 
creased  after  cold  water  immersion  in  both 
trials  (P  <  0.05),  but  the  rate  of  glycogen  uti¬ 
lization  was  similar,  averaging  1.00  ±  0.27 
mmol  glucose  unit  •  kg  dry  muscle  •  min“^). 
Plasma  glucose  levels  were  significantly  re¬ 
duced  after  immersion  in  both  trials  (P  < 
0.05),  this  decrease  being  greater  in  NIC  (1.3 
±  0.2  jimol/L)  than  m  PLAC  (0.7  ±  0.1 
pmol/L,  P  <  0.05).  O2  uptake  increased  to  3.8 
±  0.3  times  preimmersion  values  in  both  tri¬ 
als  (P  <  0.05).  Mean  respiratory  exchange  ra¬ 
tio  (RER)  immediately  before  the  immersion 
was  greater  in  NIC  (0.87  ±  0.02)  than  in 
PLAC  (0.77  ±  0.01,  P  <  0.05).  Cold  exposure 
increased  RER  in  PLAC  but  not  in  NIC.  There 
was  no  intertrial  difference  in  the  calculated 
total  metabolic  heat  production  during  im¬ 
mersion,  averaging  1,380  ±  221  kj.  Similarly, 
the  rate  at  which  Tj.^  decreased  averaged  1.3 
±  0.4^C/h  for  both  trials.  These  results  indi¬ 
cate  that  a  reduced  availability  of  FFA  does 
not  impair  human  temperature  regulation 
during  cold  water  immersion.  Apparently, 
any  reduced  heat  production  transduced  from 
FFA  was  compensated  by  increased  oxidation 
of  other  lipid  sources  or  of  circulating  carbo¬ 
hydrates  in  NIC  compared  with  PLAC. 


Martineau,  L.,  &  Jacobs,  I.  (1989).  Muscle 
glycogen  availability  and  temperature 
regulation  in  humans.  J.  Appl  Physiol,  66, 
72-78. 
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Abstract  The  effects  of  intramuscular 
glycogen  availability  on  human  temperature 
regulation  were  studied  in  eight  seminude 
subjects  immersed  in  18°C  water  for  90  min  or 
until  rectal  temperature  (Tj-e)  decreased  to 
35.5°C.  Each  subject  was  immersed  three 
times  over  a  3-wk  period.  Each  immersion 
followed  2.5  days  of  a  specific  dietary 
and/ or  exercise  regimen  designed  to  elicit 
low  (L),  normal  (N),  or  high  (H)  glycogen 
levels  in  large  skeletal  muscle  groups. 

Muscle  glycogen  concentration  was  deter¬ 
mined  in  biopsies  taken  from  the  vastus  lat¬ 
eralis  muscle  before  and  after  each  immer¬ 
sion.  Intramuscular  glycogen  concentration 
before  the  immersion  was  significantly  dif¬ 
ferent  among  the  L,  N,  and  H  trials  (P  < 

0.01),  averaging  247  ±  15, 406  +  23,  and  548  + 
42  (SE)  mmol  glucose  units  •  kg  dry  muscle"^, 
respectively.  The  calculated  metabolic  heat 
production  during  the  first  30  min  of  immer¬ 
sion  was  significantly  lower  during  L  com¬ 
pared  with  N  or  H  (P  <  0.05).  The  rate  at 
which  ^re  decreased  was  more  rapid  during 
the  L  immersion  than  either  N  or  H  (P  < 
0.05),  and  the  time  during  the  immersion  at 
which  Tre  first  began  to  decrease  also  ap¬ 
peared  sooner  during  L  than  N  or  H.  The  re¬ 
sults  suggest  that  low  skeletal  muscle  glyco¬ 
gen  levels  are  associated  with  more  rapid 
body  cooling  during  water  immersion  in  hu¬ 
mans.  Higher  than  normal  muscle  glycogen 
levels,  however,  do  not  increase  cold  toler¬ 
ance. 


McLellan,  T.  M.,  &  Gass,  G.  C  (1989). 
Metabolic  and  cardiorespiratory  responses 
relative  to  the  anaerobic  threshold.  Med. 

Sci.  Sports  Exerc.,  21,  191-198. 

Abstract  The  present  study  has  com¬ 

pared  the  metabolic  and  cardiorespiratory 
responses  for  two  groups  of  male  subjects  dur¬ 
ing  20  min  of  exercise  at  the  anaerobic 
threshold  (AT),  at  AT+1/3,  and  at  AT+2/3  of 
the  difference  (A)  between  AT  and 

VO2  max .  A  log-log  transformation  of  the 


lactate  (LA)-power  output  relationship  was 
used  to  define  AT  and  divide  subjects  into  a 

high  {N  =  7,  AT  =  51.9 ±  1.5%  VO2  max) 

and  low  (N  =  5;  AT  =  41.9  ±  1.8%  VO2  max ) 
AT  group.  No  differences  were  observed  be¬ 
tween  groups  during  exercise  at  AT  for 
VE-V02-1,  VE-VC02-1,  pH,  pC02,  blood 
LA,  and  plasma  strong  ions  Na+,  K"*",  and  Cl". 
Although  blood  LA  values  were  significantly 
elevated  for  the  low  AT  subjects  (2.3  ±  0.6 
mmoM'l,)  compared  with  the  high  AT  group 
(1.0  ±  0.1  mmoM"^,)  during  exercise  at 
AT+1/ 3A,  no  other  differences  between 
groups  were  noted.  In  contrast,  marked  dif¬ 
ferences  were  observed  between  groups  dmlng 
exercise  at  AT+2/3A.  The  high  AT  group 
showed  no  change  in  VE  (79.1  ±  4.8  l-min"l), 
pH  (7.367  ±  0.01),  pC02  (37.3  ±  1.2  mm  Hg), 
and  blood  LA  (2.9  ±  0.3  mmoM'^)  during  the 
final  10  min  of  the  20  min  exercise  test.  The 
low  AT  group,  however,  showed  a  progres¬ 
sive  increase  in  VE  (from  88.7  ±  4.2  to  108.0  + 
8.0  l-min"l)  and  blood  LA  (from  8.6  ±  1.0  to 
11.4  ±  2.7  mmoM"^)  and  a  progressive  de¬ 
crease  in  blood  pH  (from  7.294  ±  0.014  to  7.251 
+  0.030)  and  pC02  (from  35.2  ±  1.2  to  29.2  ± 

1.3  mm  Hg)  from  minute  10  to  minute  20  of  ex¬ 
ercise.  These  data  suggest  that  AT  and 

V O2  max  do  not  provide  common  reference 
points  for  calculating  exercise  intensity 
and/ or  that  a  metabolic  rate  exists  above  AT 

and  below  V 02max  that  defines  an  indi¬ 
vidual's  maximal  steady  state  for  the  car¬ 
diorespiratory  and  metabolic  response  to  ex¬ 
ercise. 


McLeUan,  T.  M.,  &  Gass,  G.  C.  (1989).  The 
relationship  between  the  ventilation  and 
lactate  thresholds  following  normal,  low  or 
high  carbohydrate  diets.  Eur.  J.  Appl. 
Physiol,  58,  568-576. 

Abstract  Five  men  performed  an  in¬ 

cremental  exercise  test  following  a  normal, 
low  and  high  carbohydrate  dietary  regimen 
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over  a  7-day  period,  to  examine  the  influence 
of  an  altered  carbohydrate  energy  intake  on 
the  relationship  between  the  ventilation 
(VET)  and  lactate  (LaT)  thresholds.  VET 
and  LaT  were  determined  from  the  ventila¬ 
tory  equivalents  for  O2  (VE  •  V02“^)  and 
CO2  (VE  •VC02~'^)  and  the  log-log  transfor¬ 
mation  of  the  lactate  (La)  to  power  output  re¬ 
lationship,  respectively.  The  total  duration 
of  the  incremental  exercise  test,  carbon  diox¬ 
ide  output  (VCO2),  respiratory  exchange  ra¬ 
tio,  blood  La  values  and  arterialized  venous 
partial  pressure  of  CO2  (PCO2)  were  re¬ 
duced,  and  VE  •  VC02“1,  the  slope  of  the  VE 
-  VCO2  relationship,  blood  fi-hydroxybu- 
tyrate  and  pH  were  increased  during  the  low 
carbohydrate  trial  compared  with  the  other 
conditions.  Total  plasma  protein  and  Na"*", 
K"^,  and  Cl'"  were  similar  across  conditions. 
LaT  and  VET  were  unaffected  by  the  altered 
proportions  of  carbohydrate  in  the  diets  and 
occurred  at  a  similar  oxygen  consumption 

(mean  VO2,  across  trials  was  1.98  L  •  min“^ 

for  VE  T  and  2.01  L  •  mm“^  for  LaT).  A  signif¬ 
icant  relationship  (r=0.86)  was  observed  for 

the  VO2,  that  represented  individual  VET 
and  LaT  values.  The  increased  VE  •VC02”^, 
and  slope  of  the  Vp  -  VCO2,  relationship 
could  be  accounted  for  by  the  lower  PCO2.  It 
is  concluded  that  alterations  in  carbohydrate 
energy  intake  do  not  produce  an  xmcoupling  of 
VET  and  LaT  as  has  been  reported  previ¬ 
ously. 


McLellan,  T.  M.,  &  Jacobs,  I.  (1989).  Active 
recovery,  endurance  training,  and  the 
calculation  of  the  individual  anaerobic 
threshold.  Med,  Set  Sports  Exercise,  21,  586- 
592. 

Abstract  The  individual  anaerobic 
threshold  (lAT)  is  the  highest  metabolic 
rate  at  which  blood  lactate  (LA)  concentra¬ 
tions  are  maintained  at  a  steady  state  during 
prolonged  exercise.  The  purpose  of  this  study 


was  to  compare  the  effects  of  active  and  pas¬ 
sive  recovery  on  the  determination  of  the 
lAT  before  and  after  an  endurance  training 
program.  Both  before  and  after  an  8-wk 
training  program,  nine  subjects  did  two  sub- 
maximal,  incremental  cycle  exercise  tests  (30 
W  and  4  mm  per  step)  imtil  LA  was  >  4 
mmoM"^.  Blood  was  sampled  repeatedly 
during  exercise  and  for  12  min  during  the  sub¬ 
sequent  recovery  period,  which  was  passive 

for  one  test  and  active  35%  VO2  max ) 
during  the  second  test.  An  lAT  metabolic  rate 
and  power  output  were  calculated  for  the 
passive  (lATp)  and  active  (lATa)  recovery 
protocol.  On  separate  days,  before  and  after 
training,  five  of  the  subjects  exercised  for  30 
mm  at  either  the  lATp  or  the  lATa.  Before 
training,  lATa  occurred  at  a  higher  (P  <  0.05) 

power  output  and  absolute  and  relative  VO2 
compared  to  lATp.  After  training, 

VO2  max,  and  the  power  output  and  VO2 
at  lATa  and  lATp  increased  significantly;  as 

a  percent  VO2  max ,  LATp  but  not  LATa  in¬ 
creased.  During  the  pretraining  30-min  lAT 
rides,  LA  was  higher  during  the  LATa  than 
the  lATp  test,  but  LA  values  did  not  change 
during  the  last  20  min  of  exercise.  LA  was 
similar  for  both  30-min  LAT  rides  after  train¬ 
ing  and  did  not  change  from  5  to  30  min  of  ex¬ 
ercise.  The  LA  steady-state  concentrations 
ranged  from  1.3  to  6.8  mmoLr^.  The  results 
demonstrate  that  the  calculated  LAT  is 
higher  after  endurance  training  and  when 
the  recovery  portion  of  the  LAT  test  protocol 
is  active;  this  latter  effect  is  negligible  in 
trained  subjects. 


Shibata,  H.,  Perusse,  F.,  Vallerand,  A.,  & 
Bukowiecki,  L.  J.  (1989).  Cold  exposure 
reverses  inhibitory  effects  of  fasting  on 
peripheral  glucose  uptake  in  rats.  Am,  J, 
Physiol,  257(Regulatory  Integrative  Comp. 
Physiol.  26),  R96-R101. 

Abstract  The  effects  of  fasting  and 

cold  exposure  on  glucose  uptake  in  skeletal 
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muscles  (tibialis  anterior,  quadriceps,  and 
soleus),  heart,  and  brown  adipose  tissue 
(BAT)  were  studied  in  conscious  rats.  Glucose 
uptake  was  estimated  by  determining  the 
glucose  metabolic  index  of  individual  tissues 
using  the  2-[^H]deoxyglucose  method. 
Fasting  for  18  h  at  25°C  decreased  plasma 
glucose  levels  (-40%)  and  glucose  uptake  in 
heart  (-95%)  and  skeletal  muscles  (-64-90%) 
but  did  not  significantly  affect  glucose  up¬ 
take  in  BAT.  Fasting  for  48  h  did  not  further 
decrease  these  parameters.  On  the  other 
hand,  cold  exposure  (48  h  at  5°C)  of  fed  ani¬ 
mals  did  not  alter  plasma  glucose  levels  but 
increased  glucose  uptake  in  heart  (73%), 
skeletal  muscles  (126-326%),  and  particu¬ 
larly  in  BAT  (95-fold).  Remarkably,  cold 
exposure  stimulated  glucose  uptake  in  BAT 
and  skeletal  muscles  of  18-h  fasted  rats  by 
the  same  order  of  magnitude  as  in  fed  ani¬ 
mals  (percentage  wise),  thereby  indicating 
that  glucose  represents  an  essential  metabo¬ 
lite  for  shivering  (muscles)  and  nonshivering 
(BAT)  thermogeneses.  In  the  heart  of 
starved  animals,  the  cold-induced  increase  in 
glucose  uptake  was  even  more  important  (8- 
fold)  than  in  fed  animals.  Considering  that 
cold  exposure  of  fasted  rats  results  in  a  severe 
insulinopenia,  it  is  suggested  that  cold  expo¬ 
sure  stimulates  glucose  uptake  in  peripheral 
tissues  primarily  by  enhancing  glucose  oxida¬ 
tion  via  insulin-independent  pathways. 


Symons,  J.  D.,  &  Jacobs,  I.  (1989).  High 
intensity  exercise  performance  is  not  im¬ 
paired  by  low  intramuscular  glycogen.  Med, 
Sci,  Sports  Exercise,  21,  550-557. 

Abstract  The  purpose  of  this  study 

was  to  evaluate  the  effects  of  glycogen 
availability  on  short-term,  high-intensity 
exercise  performance.  Eight  males  completed 
performance  evaluation  tasks  (PET)  consist¬ 
ing  of  maximum  isokinetic  strength  and  en¬ 
durance,  isometric  strength,  and  electrically 
evoked  force  of  the  leg  extensors,  twice  dur¬ 
ing  each  of  two  conditions.  On  day  1  (Dl)  of 
the  control  condition  (C)  subjects  performed 


the  PET,  followed  by  strenuous  exercise  de¬ 
signed  to  deplete  glycogen  stores  of  the  leg 
extensors.  After  consuming  a  mixed  diet  for 
48h  (days  2  and  3)  they  performed  the  PET 
again  on  day  4  (D4).  The  experimental  con¬ 
dition  (E)  was  identical  to  C,  except  that  a 
strictly  controlled  low  carbohydrate  diet 
was  consumed  during  Days  2  and  3.  Biopsies 
from  the  vastus  lateralis  before  the  PET  on 
D4  confirmed  differences  between  conditions 
in  intramuscular  glycogen  (426  ±  43  vs  153  ±  60 
mmol  glucose  units  *  kg“^  d.w.  for  C  and  E  re¬ 
spectively,  P  <  0.00  1).  Results  obtained- from 
the  PET  were  not  different  between  condi¬ 
tions  on  D4,  nor  within  conditions  when  Dl 
and  D4  were  compared.  Resting  blood  glu¬ 
cose,  hematological  variables  indicative  of 
hydration  and  acid-base  status,  and  post  PET 
blood  lactate  were  similar  for  all  trials.  It  is 
concluded  that  short-term,  high-intensity 
exercise  performance  of  glycogen  depleted  leg 
extensors  is  not  impaired. 


Tikuisis,  P.  (1989).  Prediction  of  the  ther-  ' 
moregulatory  response  for  clothed  immersion 
in  cold  water.  Eur,  /.  AppL  Physiol,  59(5), 
334-341. 

Abstract  A  multi-compartmental 
thermoregulatory  model  was  applied  to  data 
of  ten  resting  clothed  males  immersed  for  3  h 
in  water  at  10  and  15°C.  Clothing  consisted  of 
a  dry  suit  and  either  a  light  or  heavy  imder- 
garment,  representing  a  total  insulation  of 
0.15  (0.95)  or  0.20  m^®CW‘l  (1.28  do),  respec¬ 
tively.  Data  were  grouped  according  to  low 
(<  140%)  and  high  (14  to  240/o)  body  fat  in¬ 
dividuals.  Mean  decreases  in  rectal  temper¬ 
ature  ranged  from  0.79  to  1.38°C,  mean  de¬ 
creases  in  the  mean  weighted  skin  tempera¬ 
ture  ranged  from  6.3  to  10.2®C,  and  mean  in¬ 
creases  in  the  metabolic  rate  ranged  from  33.9 
to  80,8  W.  The  model  consists  of  eight  seg¬ 
ments,  each  representing  a  specific  region  of 
the  body.  Each  segment  is  comprised  of  com¬ 
partments  representing  the  core,  muscle,  fat, 
skin,  and  clothing.  Each  compartment  is  as¬ 
signed  thermophysical  values  of  heat  con- 
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duction  and  heat  capacitance,  and  with  the 
exception  of  clothing,  physiological  values 
of  blood  flow  and  metabolic  heat  production. 
During  cold  exposure,  responses  are  directed 
towards  increased  heat  production  in  the 
form  of  shivering  and  heat  conservation  in 
the  form  of  vasoconstriction  and  convective 
heat  exchange  at  the  vascular  level. 
Agreement  between  the  model  predictions 
and  the  experimental  observations  was  ob¬ 
tained  by  adjusting  the  parameters  governing 
these  responses.  These  adjusted  parameters 
were  1)  the  onset  of  limb  shivering  with  an 
exponential  half-time  of  30  min,  2)  the  frac¬ 
tional  value  of  0.5  for  the  convective  heat  ex¬ 
change  between  the'  core  compartments  of 
the  limbs  and  the  blood  flowing  through 
these  compartments,  3)  the  fractional  contri¬ 
bution  of  trunk  shivering  to  overall  shiver¬ 
ing,  which  ranged  from  0.77  to  0.95,  and  4) 
the  onset  of  vasoconstriction  with  exponen¬ 
tial  half-times  that  ranged  from  3  to  25  min. 
Steady  state  wits  predicted  to  occur  within  4 
h  and  a  heat  balance  analysis  indicated  that 
the  limbs  were  responsible  for  most  of  the 
body's  heat  loss  while  acquiring  most  of 
their  own  heat  from  the  trunk  through  con¬ 
vective  heat  exchange  with  the  central 
blood. 


Vallerand,  A.  L.,  &  Jacobs,  1.  (1989).  Rates  of 
energy  substrates  utilization  during  human 
cold  exposure.  Eur.  J.  AppL  Physiol  58,  873- 
878. 

Abstract  Although  it  is  well  estab¬ 
lished  in  animals  that  acute  cold  exposure 
markedly  increases  the  oxidation  of  energy 
substrates,  the  absolute  quality  and  quantity 
of  substrate  oxidation  is  poorly  tmderstood  in 
humans.  This  study  compared  the  rates  of 
substrate  utilization  in  seven  healthy  young 
men  exposed  to  both  the  warm  (control  expo¬ 
sure  at  29°C;  semi-nude,  14  h  fasted)  and  to 
the  cold  for  2  h  (10°C,  1  m  •  s"^  wind  veloc¬ 
ity).  Substrate  utilization  was  calculated  us¬ 
ing  indirect  calorimetry  and  the  nonprotein 
respiratory  exchange  ratio,  which  was  de¬ 


rived  from  the  urinary  urea  nitrogen  output. 
Cold  exposure  induced  a  3.1±0.2°C  drop  in 
mean  body  temperature  and  a  body  heat  debt 
of  825.9±63.3  kj  (p<0.01).  These  parameters 
remained  essentially  unchanged  in  the 
warm.  Cold  exposure  elevated  the  2  h  energy 
expenditure  2.46-fold  in  comparison  to  the 
warm  (p<0.01).  This  cold-induced  thermoge¬ 
nesis  was  accompanied  by  increases  of  588% 
in  carbohydrate  oxidation  (p<0.01)  and  63% 
in  fat  oxidation  (p<0.05),  whereas  protein 
oxidation  remained  unchanged.  Although 
the  greatest  proportion  of  the  energy  expen¬ 
diture  in  the  warm  was  derived  from  lipid 
(59%),  carbohydrate  oxidation  represented 
the  major  fuel  for  thermogenesis  in  the  cold, 
since  it  accounted  for  51%  of  the  correspond¬ 
ing  total  energy  expenditure.  The  results 
demonstrate  that  cold  exposure  causes  a  much 
greater  increase  in  the  utilization  of  carbo¬ 
hydrate  than  lipid.  It  is  suggested  that 
these  substrates  are  directly  utilized  for 
thermogenesis  in  the  shivering  skeletal  mus¬ 
cles. 


Vallerand,  A.  L.,  Jacobs,  L,  &  Kavanagh,  M. 
F.  (1989).  Mechanism  of  enhanced  cold 
tolerance  by  an  ephedrine-caffeine  mixture 
in  humans.  /.  Appl  Physiol,  67,  438-444. 

Abstract  The  influence  of  a  thermo¬ 
genic  mixture  of  ephedrine-  (1  mg/kg)  caf¬ 
feine  (2.5  mg/kg)  on  cold  tolerance  was  inves¬ 
tigated  in  nine  healthy  young  male  subjects 
during  two  seminude  exposures  to  cold  air  (3  h 
at  10°C).  The  drug  ingestion  reduced  the  to¬ 
tal  drop  in  core,  mean  skin,  and  mean  body 
temperatures  (P  <  0.01),  thus  producing  sig¬ 
nificantly  warmer  final  core,  mean  skin,  and 
mean  body  temperatures  compared  with  the 
placebo  ingestion.  The  drug  ingestion  in¬ 
creased  the  total  3-h  energy  expenditure  by 
18.6%  compared  with  that  of  the  placebo  in¬ 
gestion  in  the  cold  (P  <  0.01).  By  means  of  the 
nonprotein  respiratory  exchange  ratio  to  cal¬ 
culate  the  rates  of  substrate  oxidation,  it  was 
found  that  the  drug  ingestion  increased  car¬ 
bohydrate  oxidation  by  as  much  as  41.7% 
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above  that  of  the  placebo  (P  <  0.05).  In  con¬ 
trast,  the  drug  mixture  had  no  significant  in¬ 
fluence  on  lipid  or  protein  metabolism.  The 
results  demonstrate  that  the  ingestion  of  an 
ephedrine-caffeine  mixture  improves  cold 
tolerance  in  humans  by  significantly  increas¬ 
ing  body  temperatures  in  the  cold.  These  im¬ 
provements  were  not  caused  by  an  increased 
conservation  of  heat  but  by  a  greater  energy 
expenditure,  which  appears  to  be  dependent 
on  an  enhanced  carbohydrate  utilization. 


Vallerand,  A.  L.,  Limmer,  R.,  &  Schmegner, 
1.  F.  (1989).  Computer  acquisition  and 
analysis  of  skin  temperature  and  heat  flow 
data  from  heat  flxxx  transducers.  Computer 
Methods  and  Programs  in  Biomedicine,  30, 
279-282. 

Abstract  A  computer-controlled  sys¬ 
tem  for  the  collection  and  analysis  of  skin 
temperature  and  heat  flow  data  originating 
from  an  array  of  heat  flux  transducers  is  de¬ 
scribed.  The  system  is  based  on  a  program 
('THERMAL')  that  reads,  stores,  prints  and 
displays  skin  temperatures  and  heat  flow 
data  every  2  rain  for  up  to  4  h.  It  also  simul¬ 
taneously  calculates  important  environmen¬ 
tal  physiology  parameters  such  as  mean  skin 
and  mean  body  temperatures  as  well  as  mean 
heat  flow  according  to  four  different  combi¬ 
nations  of  transducers  such  as  the  established 
3-,  4-,  7-  and  12-point  (site)  formulae.  Core 
temperature,  heart  rate  and  environmental 
condition  indices  such  as  dry  bulb,  wet  bulb 
and  globe  temperatures  are  also  continuously 
monitored. 


Vallerand,  A.  L.,  Wang,  L.,  &  Jacobs,  I. 
(1989).  Influence  of  theobromine  on  heat 
production  and  body  temperatures  in  cold-ex¬ 
posed  humans:  a  preliminary  report, 

(DCIEM  89-RR-50).  Defence  &  Civil 
Institute  of  Environmental  Medicine. 

Abstract  One  of  the  most  successful 

class  of  drugs  employed  to  enhance  cold  tol¬ 


erance  in  animals  appears  to  be  the 
methylxanthines.  Indeed,  methylxanthines 
such  as  caffeine,  theophylline  and  theo¬ 
bromine  have  been  shown  to  increase  heat 
production,  delay  hypothermia  and  thus  im¬ 
prove  cold  tolerance  in  animals.  In  humans, 
theophylline  and  caffeine  (taken  in  combi¬ 
nation  with  ephedrine)  have  similarly  been 
shown  to  improve  cold  tolerance.  Whether 
theobromine  could  enhance  tolerance  to  cold 
in  humans,  is  not  known.  The  influence  of 
theobromine  was  thus  investigated  in  eight 
healthy  young  male  subjects  during  two  semi¬ 
nude  exposures  to  cold  air  (3h,  7'^C,  1  m/s 
wind  speed).  The  ingestion  of  theobromine 
(7.5  mg/ kg  at  min  0;  double-blind  placebo- 
controlled  trial)  produced  two  different 
types  of  responses,  as  shown  by  a  significant 
interaction  between  the  effect  of  group 
(responders  vs  non-responders)  and  the  effect 
of  drug  treatment  (placebo  vs  ^eobromine) 
on  the  rate  of  decrease  in  mean  body  temper¬ 
atures  (T^).  This  interaction  indicates  that 
the  effect  of  theobromine  significantly 
changed  as  a  function  of  the  groups  of  subjects. 
Four  subjects  showed  a  significant  reduction 
(or  improvement)  in  the  drop  in  Tg^  and  T^^ 
with  theobromine  ingestion,  (P<0.05), 
whereas  their  core  temperature  (Tj.g)  was  not 
significantly  affected  by  the  drug  treatment. 
These  improvements  were  also  associated 
with  a  20%  increase  in  heat  production  (not 
significant)  and  a  70%  greater  lipid  oxida¬ 
tion  (P=0.08).  These  4  subjects  were  therefore 
considered  as  "responders”  to  the  drug  treat¬ 
ment.  In  addition,  the  other  four  subjects 
were  considered  as  "non-responders",  since 
their  drop  in  Tgj^,  drop  in  Tj^  and  heat  produc¬ 
tion  remained  imchanged  by  the  ingestion  of 
theobromine.  However,  their  drop  in  T^.^  fol¬ 
lowing  the  ingestion  of  theobromine  was  not 
smaller,  but  significantly  greater  than  with 
the  placebo  ingestion  (51%,  P<0.05).  The 
mam  difference  between  "responders"  and 
"non-responders"  in  their  placebo  responses 
to  the  cold  appeared  to  be  the  25%  lower 
heat  production  and  the  corresponding  52% 
greater  Tj.^  cooling  rate  of  the  non-responders 
compared  to  the  responders.  In  conclusion. 
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the  present  results  are  interpreted  as  indicat¬ 
ing  that  under  resting  conditions,  the  inges¬ 
tion  of  theobromine  in  subjects  capable  of 
producing  a  relatively  high  metabolic  re¬ 
sponse  to  the  cold,  significantly  improves 
cold  tolerance  by  increasing  heat  production, 
mainly  from  a  greater  lipid  utilization. 
Although  theobromine  did  not  significantly 
alter  tolerance  to  cold  in  resting  subjects  with 
a  relatively  low  metabolic  response  to  cold, 
it  significantly  worsened  their  rate  of 
cooling,  a  side  effect  which  suggests  that 
theobromine  should  be  used  with  caution. 
Future  work  must  be  carried  out  to  optimize 
the  beneficial  influence  of  theobromine  and 
to  minimize  its  side  effect  in  cold-exposed 
humans. 


1990 

Bell,  D.  G.,  &  Jacobs,  I.  (1990).  Muscle  fibre 
area,  fibre  type,  and  capillarization  in  male 
and  female  body  builders.  Can.  f.  Sport  Set, 
15(2),  115-119. 

Abstract  The  effects  of  long  term 

strength  training  on  skeletal  muscle  fibre 
characteristics  were  evaluated  in  nine  body 
builders  (BB)  (5  males  and  4  females)  and  ten 
control  subjects  (6  females  and  4  males). 
Muscle  fibre  area,  percent  fibre  t3^e,  and 
capillary  supply  were  compared  between  the 
BB  and  controls  as  well  as  between  the  males 
and  females  with  a  two-way  analysis  of 
variance  design.  For  the  fast  twitch  fibre 
area  (FTa),  the  BB  had  larger  areas  than 
the  controls  and  males  had  larger  areas  than 
females.  The  analysis  for  the  slow  twitch  fi¬ 
bre  areas  (STa)  showed  only  a  training  ef¬ 
fect,  BB  had  larger  STa  than  controls.  The 
FTa  in  the  imtrained  females  and  the  female 
BB  were  similar  to  their  STa;  in  contrast, 
both  male  groups  had  significantly  larger 
FTa  than  STa.  The  BB  had  significantly 
more  capillaries  per  fibre  than  the  control 
groups  but  the  number  of  capillaries /mm^ 
were  similar  in  all  groups.  The  results  suggest 
that  prolonged  training  in  the  female  BB 


hypertrophies  both  the  FT  and  ST  fibres. 

The  female  BB  realized  the  same  increase  in 
#cap/f  as  the  male  BB,  However,  the  larger 
area  of  the  FT  fibres  compared  to  the  ST  fibre 
seen  in  both  male  groups  was  not  observed  in 
either  female  group. 


Cheung,  B.,  Money,  K.,  &  Jacobs,  I.  (1990). 
Motion  sickness  susceptibility  and  aerobic 
fitness:  a  longitudinal  study.  Aviat.  Space 
Environ.  Med.,  61,  201-204. 

Abstract  A  longitudinal  study  evalu¬ 

ated  the  susceptibility  to  motion  sickness  in 
initially  unfit  subjects  before  and  after  an 
endurance  training  program.  Motion  stimula¬ 
tion  was  provided  by  the  Precision  Angular 
Mover,  in  which  the  subject  was  himbled 
head  over  heels  about  an  Earth-horizontal 
axis  at  20  cycles  per  minute  in  darkness. 
Maximal  aerobic  power  and  the  blood  lac¬ 
tate  response  to  submaximal  exercise  were 
evaluated  with  cycle  ergometry.  The  train¬ 
ing  program  caused  significant  improvements 

in  V02niax  and  endurance  capacity,  and  a 
significant  decrease  in  percent  body  fat. 

There  was  a  significant  (p  <  0.0125)  increase 
in  motion  sickness  susceptibility  after  the 
physical  training,  suggesting  that  increased 
physical  fitness  caused  increased  susceptibil¬ 
ity  to  motion  sickness  in  some  individuals. 


Ducharme,  M.,  Frim,  J.,  &  Tikuisis,  P.  (1990). 
Errors  in  heat  flux  measurements  due  to  the 
thermal  resistance  of  heat  flux  disks. }. 

Appl.  Physiol,  69(2),  776-784. 

Abstract  Questions  have  been  raised 

regarding  the  effect  of  the  thermal  resis¬ 
tance  of  heat  flux  transducers  (HFTs)  on  the 
thermal  flux  from  the  skin.  A  model  capable 
of  simulating  a  large  range  of  "tissue'*  insula¬ 
tion  (variable-R  model)  was  used  to  study 
the  effect  of  the  imderlying  tissue  insulation 
on  the  relative  error  in  heat  flux  due  to  the 
thermal  resistance  of  the  HFTs.  The  data 
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show  that  the  deviation  from  the  true  value 
of  heat  flux  increases  as  the  insulation  of  the 
underlying  tissue  decreases  (r  =  0.99,  P  < 
0.001).  The  underestimation  of  the  heat  flux 
through  the  skin  measured  by  an  HFT  is  min¬ 
imal  when  the  device  is  used  on  vasocon- 
stricted  skin  in  cool  subjects  (3-13%  error)  but 
becomes  important  when  used  during  vasodi¬ 
lation  in  warm  subjects  (29-35%  error)  and 
even  more  important  on  metallic-skin  man¬ 
nequins  (>  60%  error). 


Ducharme,  M.  B.  (1990)  Effective  insulative 
properties  of  the  human  forearm  tissues.  Ph. 
D,,  University  of  Toronto. 

Abstract  The  main  objective  of  the 

present  research  work  was  to  investigate  the 
effect  of  a  range  of  thermal  stresses  on  the  ef¬ 
fective  thermal  conductivity  of  the  skeletal 
muscles  (keff  muscle)  and  skin+subcutaneous 
fat  tissues  (keff  skin+fat)  of  the  resting  hu¬ 
man  forearm,  and  to  calculate  the  relative 
contribution  of  the  forearm  muscle  tissues  to 
the  overall  forearm  tissue  insulation.  Fifteen 
male  subjects  immersed  their  forearm  on  two 
separate  occasions  in  water  ranging  in  tem¬ 
perature  between  15  and  36°C  for  3  hours. 
Tissue  temperature  (Tt)  was  continuously 
monitored  by  a  calibrated  multicouple  probe 
implanted  approximately  9  cm  distal  from 
the  olecranon  process  along  the  ulnar  ridge. 

It  was  measured  every  5  mm,  from  the  longi¬ 
tudinal  axis  of  tihe  forearm  (determined  from 
computed  tomography  scanning)  to  the  skin 
surface.  Along  wiiii  Tt,  forearm  skin  temper¬ 
ature  (Tsk),  arterial  blood  temperature  at 
the  distal  brachial  artery  (Tbla),  rectal 
temperature  (Tre),  forearm  heat  loss  (Hsk) 
and  forearm  blood  flow  (Q)  were  measured 
during  the  experiments.  For  all  temperature 
conditions,  the  temperature  profile  within 
the  limb  was  linear  as  a  function  of  the  ra¬ 
dial  distance  from  the  forearm  axis  (p  < 
0.001).  The  maximal  tissue  temperature  was 
measured  in  aU  cases  at  the  longitudinal  axis 
of  the  forearm,  and  was  in  all  experimental 
conditions  lower  than  Tre.  When  more  than 


-90%  of  the  thermal  stability  was  achieved 
during  cold  stress  at  15°C,  83%  of  the  subjects 
tested  showed  evidence  of  the  hunting  reac¬ 
tion  in  the  forearm;  this  phenomenon  being 
limited  to  the  muscle  tissues.  The  values  of 
keff  skin+fat  and  keff  muscle,  calculated 
from  the  Finite-Element  solution  for  Tw  < 
30°C,  were  not  different  from  the  average  in 
vitro  values  obtained  from  the  literature. 

The  keff  of  the  forearm  tissues  were  linearly 
related  (r  =  0.80,  p  <  0.001)  to  the  tissue  blood 
flow  for  Tw  >  30°C.  The  contribution  of  the 
muscle  tissues  to  the  overall  forearm  insula¬ 
tion  was  calculated  to  average  92  ±  1%  during 
immersion  in  water  between  15  and  36°C. 

This  result  suggests  that  the  skeletal  muscle 
is  the  main  tissue  responsible  for  the  forearm 
insulation  during  cold  stress  and  at  neutral 
conditions  in  non-shivering  resting  humans. 


Frim,  J.,  &  Duggan,  A.  (1990).  Thermal 
properties  of  five  military  footwear  ensem¬ 
bles  during  static  duties  in  a  cold  dry  envi¬ 
ronment  (APRE  90-M-503).  Army  Personnel 
Research  Establishment,  Famborough, 
Hants.,  U.K. 

Abstract  This  study  compared  the 

thermal  properties  of  the  in-service  combat 
footwear  ensemble  with  a  new  system  cur¬ 
rently  being  troop  triaUed  as  a  potential  re¬ 
placement  The  comparison  was  made  imder 
conditions  which  simulated  static  duties  in 
dry,  sheltered  conditions  in  a  North  German 
winter  (dry  bulb  temperature  -9°C).  Through 
the  use  of  heat  flux  transducers,  it  was  shown 
that  heat  loss  through  the  dual  density 
polyurethane  sole  of  the  new  boot  was  signif¬ 
icantly  less  than  through  the  in-service 
boot's  rubber  sole.  Wearing  a  fabric-faced 
saran  insole  inside  the  new  combat  boot  was 
found  to  reduce  heat  loss  markedly,  leading 
to  the  recommendation  that  this  item  should 
be  used  by  all  soldiers  in  cold  environments. 

A  water  vapour  permeable  waterproof  boot 
liner,  on  the  other  hand,  was  of  little  value 
in  reducing  heat  loss  from  the  foot  or  in  main¬ 
taining  foot  temperatures  imder  these  dry 
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conditions.  It  was  observed  that  neither  the 
new  nor  the  in-service  footwear  ensembles 
provided  adequate  protection  from  the  envi¬ 
ronmental  and  operational  conditions  simu¬ 
lated  in  this  study.  There  is  a  requirement, 
therefore,  to  provide  extra  thermal  insula¬ 
tion  for  the  feet  of  soldiers  subjected  to  such 
conditions 


Trim,  J.,  Livingstone,  S.,  Reed,  L.,  Nolan,  R., 
&  Limmer,  R.  (1990).  Body  composition  and 
skin  temperature  variation.  /.  AppL 
Physiol,  68,  540-543. 

Abstract  Temperature  variations  near 

four  common  torso  skin  temperature  sites  were 
measured  on  17  lightly  clad  subjects  exposed 
to  ambient  temperatures  of  28, 23,  and  18°C. 
Although  variations  in  skin  temperature  ex¬ 
ceeding  7°C  over  a  distance  of  5  cm  were  ob¬ 
served  on  individuals,  the  mean  magnitude 
of  these  variations  was  2-3°C  under  the 
coolest  condition  and  less  at  the  warmer  tem¬ 
peratures.  There  was  no  correlation  between 
the  temperature  variation  and  skinfold 
thickness  at  a  site  or  with  estimations  of 
whole  body  fat  content.  These  findings  im¬ 
ply  that  errors  in  mean  skin  temperature 
measurement  could  arise  from  probe  misloca- 
tion  and/or  subcutaneous  fat  distribution  and 
that  the  problem  becomes  more  acute  with 
increasing  cold  stress.  However,  the  magni¬ 
tudes  of  these  errors  cannot  be  easily  pre¬ 
dicted  from  common  anthropometric  mea¬ 
surements. 


Gati,  R.,  Tabaraud,  F.,  Buguet,  A.,  Bert,  J., 
Tapie,  P.,  Bittel,  J.,  Sparkes,  B.,  Breton,  J.  C., 
Doua,  F.,  Bogui,  P.,  Lonsdorfer,  A., 
Lonsdorfer,  J.,  Moulin,  J.,  Chameaud,  J.,  & 
Dumas,  M.  (1990).  Analyse  circadienne  du 
sommeil,  de  la  temperature  rectale  et  de 
variables  immimologiques  et  en- 
docrinologiques  dans  la  maladie  du  sommeil. 
Bull  Soc.  Path  Ex,,  83,  1-8. 


Abstract  Une  etude  multidisciplinaire 
a  ete  conduite  chez  8  patients  atteints  de  try- 
panasomiase  humaine  africaine  au  stade  de 
meningoencephalite.  EUe  a  permis  de  con¬ 
firmer  le  caractere  ultradien  du  cycle  veille- 
sommeil,  caractere  d'autant  plus  prononce  que 
le  patient  est  plus  gravement  attemt  sur  le 
plan  Clinique.  Le  trace  electroencephalo- 
graphique  est  entrecoupe  de  phases  d'activa- 
tion  transitoire  extremement  nombreuses  as- 
sociant  des  complexes  K,  des  elements  rapi- 
des  et  des  elements  lents.  Le  rythme  circa- 
dien  de  differentes  variables  physiologiques 
(temperature  rectale),  immunologiques 
(interleukines)  ou  endocriniennes  (cortisol, 
prolactine)  est  egalement  perturbe,  les  per¬ 
turbations  du  caractere  circadien  etant 
egalement  majeures  chez  les  malades  les  plus 
touches. 


Grisdale,  R.,  Jacobs,  I.,  &  Cafarelli,  E. 

(1990).  Relative  effects  of  glycogen  depletion 
and  previous  exercise  on  muscle  force  and 
endurance  capacity.  /.  Appl  Physiol,  69, 
1276-1282. 

Abstract  Endurance  capacity  of  human 

vastus  lateralis  muscles  was  observed  24  h 
after  hard  exercise  followed  by  either  a  car¬ 
bohydrate-restricted  or  a  carbohydrate- 
loaded  diet  (depletion  and  repletion  condi¬ 
tions).  In  a  control  condition  the  subjects  did 
no  previous  exercise  and  ate  their  normal 
diet.  Each  of  these  conditions  was  followed 
by  an  experimental  protocol  in  which  the 
five  male  subjects  made  a  series  of  alternat¬ 
ing  25-s  static  contractions  of  each  leg  at  50% 
maximal  voluntary  contraction  imtil  one  leg 
failed  to  achieve  the  required  force 
Glycogen  concentration  before  the  experimen¬ 
tal  protocol  in  both  legs  was  significantly 
lower  in  the  depletion  than  in  the  repletion 
condition.  Muscle  lactate  and  creatine  phos¬ 
phate  concentrations  were  within  normal 
limits  before  the  static  contractions.  The 
number  of  contractions  the  repleted  (12.7  ± 
2.2)  and  depleted  (10.3  ±  1.5)  legs  could  sus¬ 
tain  before  T]^  were  not  different  from  each 
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other,  but  both  were  35%  (P  <  0.05)  fewer 
than  the  control  (17.6  ±  3.0).  Surface  elec¬ 
tromyogram  (EMG)  amplitude  was  higher 
in  depleted  than  in  repleted  or  control  mus¬ 
cles.  At  Tjixn,  EMG  amplitude  was  maximal, 
creatine  phosphate  was  50-70%  depleted, 
and  lactate  increased  fourfold.  Average 
glycogen  utilization  per  contraction  in  both 
the  repletion  and  depletion  conditions  was 
5.8  mmol/kg  dry  wt,  but  post  exercise  lactate 
concentrations  were  lower  in  depleted  (14.4  ± 
3.6  mmol/kg  dry  wt)  than  in  repleted  (43.2  ± 
7.4)  muscles.  The  EMG  frequency  distribution 
shifted  downward  in  aU  conditions  during 
the  experimental  protocol  and  was  indepen¬ 
dent  of  muscle  lactate  concentration.  We 
have  drawn  the  following  conclusions  about 
this  form  of  exercise  from  these  data:  1)  pre¬ 
vious  exercise  is  a  more  potent  determinant  of 
muscle  endurance  capacity  than  glycogen 
availability  and  2)  glycogen  depletion,  pre¬ 
vious  exercise,  and  lactate  accumulation  do 
not  influence  the  shift  in  the  EMG  frequency 
distribution. 


Jansson,  E.,  Esbjomsson,  M.,  Holm,  L,  & 

Jacobs,  I.  (1990).  Increase  in  the  proportion  of 
fast-twitch  muscle  fibres  by  sprint  training  in 
males.  Acta  Physiol.  Scand.,  140,  359-363. 

Abstract  Fifteen  male  physical  educa¬ 

tion  students  were  studied.  The  subjects 
trained  for  4-6  weeks,  2-3  days  per  week,  on  a 
mechanically  braked  bicycle  ergometer.  A 
training  session  consisted  of  repeated  30-s 
'all-out'  sprints  on  a  Wingate  bicycle  ergome¬ 
ter,  on  which  the  brake  band  of  the  flywheel 
was  loaded  with  75  g  kg"^  body  wt,  with  rest 
periods  of  15-20  min  between  consecutive 
sprints.  Thigh  muscle  biopsies  were  taken 
before  and  after  the  training  period  and  were 
analysed  for  fibre  types  using  a  myofibrillar 
ATPase  stain.  The  proportion  of  type  I  fibres 
decreased  from  57  to  48%  (P  <  0.05)  and  type 
IIA  fibres  increased  from  32  to  38%  (P  <  0.05). 
This  study  indicates  that  it  is  possible  to 
achieve  a  fibre  type  transformation  with 
high-intensity  training.  The  effect  of  two¬ 


legged  'sprint'  training  on  muscle  fibre  type 
composition  may  be  related  to  a  changed  pat¬ 
tern  of  muscle  fibre  activation  (e.g.  an  in¬ 
creased  stimulation  frequency).  A  change  in 
fibre  activation  frequency  may  induce  an  in¬ 
creased  synthesis  of  type  11  fibre  myosin  (fast 
myosin).  Hormonal  influences  such  as  en¬ 
hanced  adrenergic  stimulation  of  the  muscle 
fibres  cannot  be  excluded  as  a  contributing 
factor,  however. 


Kuzon,  W.  M.,  Rosenblatt,  J.  D.,  Huebel,  S. 

C.,  Leatt,  P.,  Plyley,  M.  J.,  McKee,  N.  H.,  & 
Jacobs,  I.  (1990).  Skeletal  muscle  fiber  type, 
fiber  size,  and  capillary  supply  in  elite 
soccer  players.  Int.  J.  Sports  Med.,  11,  99-102. 

Abstract  This  study  determined  the 

fiber  type  composition,  the  fiber  size,  and 
the  capillary  characteristics ’of  the  vastus 
lateralis  muscle  in  11  young,  elite,  male  soc¬ 
cer  players  and  8  sedentary  male,  age- 
matched  controls.  There  were  no  significant 
differences  (P  <  0.05)  in*  the  fiber  type  per¬ 
centages  and  fiber  diameter  between  the  soc¬ 
cer  players  and  controls;  however,  all  fiber 
types  tended  to  be  larger  in  the  soccer  play¬ 
ers.  The  soccer  players  possessed  a  greater 
capillary  supply;  this  was  characterized  by 
a  significantly  greater  mean  number  of  capil¬ 
laries  surrounding  each  fiber  (5.7  ±  0.9  vs.  4.9 
±  0.4),  a  significantly  larger  capillary  den¬ 
sity  (282.7  ±  42.0  vs.  220.8  ±  38.1),  and  a  sig¬ 
nificantly  higher  capillary  to  fiber  ratio  (2.2 
±  0.6  vs.  1.7  ±  0.1).  The  results  indicate  that 
soccer  may  be  an  appropriate  stimulus  for  si¬ 
multaneous  adaptation  to  endurance  and 
high  intensity  exercise. 


MacNaughton,  K.  W.,  Sathasivam,  P., 
Vallerand,  A.L.,  &  Graham,  T.E.  (1990). 
Influence  of  caffeine  on  metabolic  responses  of 
men  at  rest  in  28  and  5°C.  J.  Appl.  Physiol,  68 
(5),  1889-1895. 
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Abstract  Cold  stress  and  caffeine  in¬ 

gestion  are  each  reported  to  increase  plasma 
catecholamines,  free  fatty  acid  (FFA)  con¬ 
centrations,  and  energy  metabolism.  This 
study  examined  the  possible  interaction  of 
these  two  metabolic  challenges  in  four  dou¬ 
ble-blind  counterbalanced  trials.  Young 
adult  men  (n  =  6)  ingested  caffeine  (5  mg/ kg) 
or  placebo  (dextrose,  5  mg/kg)  and  rested  for 
2  h  in  28  or  5°C  air.  Cold  stress  alone  ele¬ 
vated  (P  <  0.05)  plasma  norepinephrine, 

metabolism  (O2  consumption,  VO2).  and  res¬ 
piratory  exchange  ratio  (RER).  Caffeine 
alone  increased  (P  <  0.05)  plasma 
epinephrine  and  FFA  but  not  RER.  When  the 
two  challenges  were  combined  (caffeine  plus 
5°C  for  2  h)  norepinephrine  and  epinephrine 
were  increased  (P  <  0.05)  as  was  FFA. 

However,  VO2,  RER,  and  skin  and  rectal 
temperatures  were  not  different  from  the  re¬ 
sponses  observed  at  5°C  after  placebo  inges¬ 
tion.  The  data  suggest  that  caffeine  selec¬ 
tively  increases  plasma  epinephrine, 
whereas  cold  air  increases  norepinephrine. 
During  the  cold  exposure,  increasing 
epinephrine  and  FFA  above  normal  levels 
did  not  appear  to  influence  the  metabolic  or 
thermal  responses  to  the  cold  stress.  In  fact 
the  increase  in  RER  suggested  a  greater  car¬ 
bohydrate  oxidation. 


McLellan,  T.,  Jacobs,  L,  &  Bain,  B.  (1990). 
Heat  strain  and  work  tolerance  times  with 
varying  levels  of  Canadian  Forces  NBCW 
protective  clothing,  ambient  temperature, 
physical  work  intensity,  and  workirest 
schedules,  (DCIEM  90-51).  Defence  &  Civil 
Institute  of  Environmental  Medicine. 

Abstract  This  study  examined  the  ef¬ 

fects  of  environmental  temperature  and 
metabolic  rate  on  soldiers'  work  tolerance 
time  (WTT)  while  wearing  various  levels  of 
nuclear,  biological  and  chemical  (NBC)  de¬ 
fence  protective  clothing.  Twenty-three  im- 
acclimatized  males  (23  ±  3  y,  76  ±  8  kg,  1.77  ± 
0.08  m)  were  assigned  to  exercise  at  either  a 


Light  (walking  1.11  m-s"^  0%  grade,  alternat¬ 
ing  with  lifting  10  kg)  or  heavy  metabolic 
rate  (walking  1.33  m-s“^  7.5%  grade,  alter¬ 
nating  with  lifting  20  kg)  in  an  environmen¬ 
tal  chamber  at  either  18'^C,  50%  R.H.  (cool) 
or  30°C,  50%  R.H.  (hot).  Subjects  were  tested 
wearing  three  levels  of  clothing  protection: 
combat  fatigues  (Low);  fatigues  and  a  semi- 
permeable  NBC  overgarment  (Med);  fatigues 
and  NBC  overgarment,  gloves,  boots  and  res¬ 
pirator  (High).  WTT  was  the  time  until  rec¬ 
tal  temperature  (Tre)  reached  39.3°C,  heart 
rate  reached  95%  maxknum,  dizziness  or  nau¬ 
sea  precluded  further  exercise,  or  5  h  had 
elapsed.  During  the  hot  trial,  8  subjects 
(light  (N=4)  and  heavy  exercise  (N=4))  per¬ 
formed  an  additional  three  clothing  trials 
using  an  intermittent  rather  than  a  continu¬ 
ous  work  schedule.  During  the  light  and  cool 
trials  (N=5),  the  levels  of  protective  cloth¬ 
ing  did  not  impair  WTT  (277  ±  47  min).  For 
the  light  and  hot  experiments  (N=6),  WTT 
was  significantly  impaired  with  the  High 
level  of  protection  (82.7  ±  10.6  min)  and  Tre 
increased  1.3  ±  0.3°C*h“^.  With  the  heavy 
and  cool  condition  (N=6),  WTT  was  reduced 
with  the  Med  (240.5  ±  73.8  min,  Tre  increased 
0.5  ±  0.2'^C-h"^)  and  High  (56.7  ±  17.9  min, 

Tre  increased  1.8  ±  0.5°C-h"'^)  levels  of  pro¬ 
tection.  Finally,  during  the  heavy  and  hot 
trials  (N=6),  WTT  was  progressively  im¬ 
paired  for  the  Low  (172.5  ±  52.8  mm,  Tre  in¬ 
creased  0.8  ±  O.O^C-h"^),  Med  (65.8  ±  18.2  min, 
Tre  increased  2.0  ±  0.5°C-h“l)  and  High  (34.0 
±  9.7  min,  Tre  increased  2.6  0.5°C-h“^)  levels 
of  protection.  In  the  hot  environment,  the  in¬ 
verse  of  WTT  was  directly  proportional  to 

the  average  metabolic  rate  ( VO2  (mL*kg“ 
^•min"^))  for  both  the  Med  (WTT"1= 

0.00129  VO2  -  0.0109,  r  =  0.9)  and  High 

(wrrl=  0.00167  VO2  -  O.OO68,  r  =  0.9)  levels 
of  protection.  If  the  metabolic  rate  of  a  task 
is  toown,  these  relationships  can  be  used  to 
calculate  work  to  rest  schedules  that  may 
prolong  work  time  in  the  Med  or  High  levels 
of  NBC  protective  clothing. 
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McLellan,  T.,  Kavanagh,  M.  F.,  &  Jacobs,  L 
(1990).  The  effect  of  hypoxia  on  perfonnance 
during  30-s  or  45-s  of  supramaximal  exercise. 
Eur.  /.  Appl  Physiol,  60  ,  155-161. 

Abstract  The  purpose  of  this  study 

was  to  evaluate  the  effect  of  hypoxia  (10.8  ± 
0.6%  oxygen)  on  performance  of  30  s  and  45  s 
of  supramaximal  dynamic  exercise.  Twelve 
males  were  randomly  allocated  to  perform 
either  a  30  s  or  45  s  Wingate  test  (WT)  on  two 
occasions  (hypoxia  and  room  air)  with  a  min¬ 
imum  of  1  week  between  tests.  After  a  5-min 
warm-up  at  120  W  subjects  breathed  the  ap¬ 
propriate  gas  mixture  from  a  wet  spirometer 
during  a  5-mm  rest  period.  Resting  blood 
oxygen  saturation  was  monitored  with  an  ear 
oximeter  and  averaged  97.8  ±  1.5%  and  83.2  ± 
1.9%  for  the  air  (normoxic)  and  hypoxic  con¬ 
ditions,  respectively,  immediately  prior  to 
the  WT.  Following  all  WT  trials,  subjects 
breathed  room  air  for  a  10-min  passive  re¬ 
covery  period.  Muscle  biopsies  from  the  vas¬ 
tus  lateralis  were  taken  prior  to  and  imme¬ 
diately  following  WT.  Arterialized  blood 
samples,  for  lactate  and  blood  gases,  were 
taken  before  and  after  both  the  warm-up  and 
the  performance  of  WT,  and  throughout  the 
recovery  period.  Open  circuit  spirometry  was 
used  to  calculate  the  total  oxygen  consump¬ 
tion  ( VO2),  carbon  dioxide  production  and 
expired  ventilation  during  WT.  Hypoxia  did 
not  impair  the  performance  of  the  30-s  or  45-s 

WT.  VO2  was  reduced  during  the  45-s  hy¬ 
poxic  WT  (1.71  ±  0.21 1)  compared  with  the 
normoxic  trial  (2.16  ±  0.26 1),  but  there  was  no 
change  during  the  30-s  test  (1.22  ±  0.11  vs. 

1.04  ±  0.17 1  for  the  normoxic  and  hypoxic 
conditions,  respectively).  Muscle  lactate 
(LA)  increased  more  during  hypoxia  follow¬ 
ing  both  the  30-s  and  45-s  WT  (67.1  ±  25.0 
mmol-kg"^  dry  weight)  compared  with  nor- 
moxia  (30.8  ±  18.0  mmol-kg"^  dry  weight). 
Hypoxia  did  not  influence  the  change  in  in¬ 
tramuscular  adenosine  triphosphate,  crea¬ 
tine  phosphate  and  glucose-6-phosphate. 
The  performance  of  WT  during  hypoxia  was 
associated  with  a  greater  decrease  in  muscle 
glycogen  (P  <  0.06).  Throughout  the  recovery 


period,  blood  LA  was  lower  following  the 
hypoxia  (8.43  ±  2.88  mmoM"^)  compared 
with  normoxia  (9.15  ±  3.06  mmoU"^). 
Breathing  the  hypoxic  gas  mixture  prior  to 
the  performance  of  WT  increased  blood  pH  to 
7.44  ±  0.03,  compared  with  7.39  ±  0.03  for 
normoxia.  Blood  pH  remained  higher  during 
the  10-min  recovery  period  following  the 
hypoxic  WT  trials  (7.24  ±  0.08)  compared 
with  the  normoxic  WT  (7.22  ±  0.06).  Blood 
PC02  was  reduced  prior  to  and  immediately 
following  WT  during  hypoxia,  but  there  were 
no  differences  between  the  normoxic  and  hy¬ 
poxic  trials  during  the  10  min  recovery  pe¬ 
riod.  These  data  indicate  that  more  energy 
was  transduced  from  the  catabolism  of  glyco¬ 
gen  to  lactate  during  the  hypoxic  WT  trials, 
which  offset  the  reduced  02  availability 
and  maintained  performance  comparable 
with  normoxic  conditions.  It  is  suggested 
that  the  induced  respiratory  alkalosis  asso¬ 
ciated  with  breathing  the  hypoxic  gas  could 
accoimt  for  the  increased  rate  of  muscle  LA 
accumulation. 


Sale,  D.G.,  Jacobs,  L,  MacDougaU,  J.D.,  & 
Gamer,  S.  (1990).  Comparison  of  two 
regimens  of  concxirrent  strength  and  endurance 
training.  Med.  Sci.  Sports  Exercise,  22 , 348- 
356. 

Abstract  To  compare  the  responses  to 
doing  strength  (S)  training  on  alternate  days 
with  endurance  (E)  training  vs.  doing  both 
types  of  training  on  the  same  days  per  week, 
seven  young  men  (group  A-2  d)  did  S  and  E 
training  together  in  single  sessions  2  d  •  wk"^ 
for  20  wk.  A  second  group  (B-4  d,  N  =  8)  did 
the  S  training  on  2  d  •  wk"^  and  E  training  on  2 
other  d  *  wk"^.  S  training  was  six  to  eight 
sets  of  15-20  RM  on  a  leg  press  weight  ma¬ 
chine.  E  trainmg  was  six  to  eight  3-min  bouts 
of  cycle  ergometer  exercise  at  90-100% 

V02max .  B-4  d  (25%)  increased  leg  press  I 
RM  more  (P  <  0.05)  than  A-2  d  (13%),  but  the 
groups  increased  similarly  (A-2  d,  B-4  d)  in 
knee  extensor  (31%,  34%)  and  flexor  (I  2%, 
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14%)  cross-sectional  area  and  vastus  later¬ 
alis  mean  fiber  area  (33%,  25%).  Increases  in 

V02max,  (7%,  6%),  repetitions  with  80%  1 
RM  (39%,  64%),  repetitions  with  the  pre¬ 
training  1  RM  (33,  55),  and  PFK  (19%,  10%) 
and  LDH  (15%,  23%)  activity  did  not  differ 
(P  >  0.05)  between  groups.  CS  activity  in¬ 
creased  significantly  only  in  A-2  d  (26%;  B-4 
d,  6%).  It  is  concluded  that  same  day  (vs. 
different  day)  concurrent  strength  and  en¬ 
durance  training  may  impede  strength  devel¬ 
opment  without  impeding  hypertrophy.  On 
the  other  hand,  same  day  training  may  en¬ 
hance  increases  in  CS  activity  but  not 

V02ixiax  or  weight  lifting  endurance. 


Sale,  D.G.,  MacDougall,  J.D.,  Jacobs,  L,  & 
Gamer,  S.  (1990).  Interaction  between 
concurrent  strength  and  endurance  training.  /. 
Appl.  Physiol,  68  ,  260-270. 

Abstract  To  assess  the  effects  of  con¬ 

current  strength  (S)  and  endurance  (E)  train¬ 
ing  on  S  and  E  development,  one  group  (4 
yoimg  men  and  4  young  women)  trained  one 
leg  for  S  and  the  other  leg  for  S  and  E  (S+E). 
A  second  group  (4  men,  4  women)  trained  one 
leg  for  E  and  the  other  leg  for  E  and  S  (E+S). 

E  training  consisted  of  five  3-min  bouts  on  a 
cycle  ergometer  at  a  power  output  correspond¬ 
ing  to  that  requiring  90-100%  of  oxygen  up¬ 
take  during  maximal  exercise  ( V02niax).  S 
training  consisted  of  six  sets  of  15-20  repeti¬ 
tions  with  the  heaviest  possible  weight  on  a 
leg  press  (combined  hip  and  knee  extension) 
weight  machine.  Training  was  done  3 
days/ wk  for  22  wk.  Needle  biopsy  samples 
from  vastus  lateralis  were  taken  before  and 
after  training  and  were  examined  for  histo- 
chemical,  biochemical,  and  ultrastructural 
adaptations.  The  nominal  S  and  E  training 
programs  were  "hybrids,"  having  more  simi¬ 
larities  as  training  stimuli  than  differences; 
thus  S  made  increases  (P  <  0.05)  similar  to 
those  of  S-fE  in  E-related  measures  of 

V02max  (S,  S+E:  8%,  8%),  repetitions  with 
the  pretraining  maximal  single  leg  press  lift 


[1  repetition  maximum  (RM)]  (27%,  24%), 
and  percent  of  slow  twitch  fibers  (15%,  8%); 
and  S  made  significant,  although  smaller, 
increases  in  repetitions  with  80%  1  RM  (81%, 
i52%)  and  citrate  synthase  (CS)  activity 
(22%,  51%).  Similarly,  E  increased  knee  ex¬ 
tensor  area  [computed  tomography  (CT) 
scans]  as  much  as  E+S  (14%,  21%)  and  made 
significant,  although  smaller,  increases  in 
leg  press  1  RM  (20%,  34%)  and  thigh  girth 
(3.4%,  4.8%).  When  a  presumably  stronger 
stimulus  for  an  adaptation  was  added  to  a 
weaker  one,  some  additive  effects  occurred 
(i.e.,  increases  in  1  RM  and  thigh  girth  that 
were  greater  in  E+S  than  E;  increases  in  CS 
activity  and  repetitions  with  80%  1  RM  that 
were  greater  in  S+E  than  S).  When  a 
weaker,  although  effective,  stimulus  was 
added  to  a  stronger  one,  addition  generally 
did  not  occur.  Concurrent  S  and  E  training  did 
not  interfere  with  S  or  E  development  in  com¬ 
parison  to  S  or  E  training  alone. 


Vallerand,  A.L.,  &  Jacobs  I.  (1990). 
Stimulatory  effects  of  cold  exposure  and  cold 
acclimation  on  glucose  uptake  in  rat  periph¬ 
eral  tissue.  Am.  }.  Physiol,  259  (Regulatory 
Integrative  Comp.  Physiol.  28),  R1043- 
R1049. 

Abstract  The  effects  of  cold  exposure 

on  the  net  rates  of  2-[^H]deoxy-D-glucose  up¬ 
take  (Ki)  in  rat  peripheral  tissues  were  in¬ 
vestigated  comparatively  in  warm-  and 
cold-acclimated  animals  to  determine 
whether  cold  acclimation  induces  regulatory 
alterations  in  glucose  metabolism.  Acute  ex¬ 
posure  of  warm-acclimated  (25°C)  rats  to 
cold  (48  h  at  5°C)  markedly  increased  the 
values  in  red  and  white  skeletal  muscles  (2-5 
times),  in  the  heart  (8  times),  in  several 
white  adipose  tissue  (WAT)  depots  (4-20 
times),  and  in  brown  adipose  tissue  (BAT) 
(110  times).  After  cold  acclimation  (3  wk  at 
5°C),  the  values  further  increased  in  the 
heart  (15  times)  and  WAT  (up  to  29  times) 
but  decreased  in  BAT  (36  times). 

Remarkably,  glucose  uptake  was  still  in- 
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creased  in  muscles  of  cold-exposed /cold-ac¬ 
climated  animals  (that  do  not  shiver), 
demonstrating  that  enhanced  glucose  uptake 
may  occur  in  muscles  in  the  absence  of  shiver¬ 
ing  thermogenesis  (or  contractile  activity). 
When  cold-acclimated  rats  were  returned  to 
the  warm  for  18  h,  the  Xj  values  of  all  tis¬ 
sues,  except  WAT,  returned  to  control  levels. 
Cold  exposure  synergistically  potentiated 
the  stimulation  of  tissue  glucose  uptake  in¬ 
duced  by  a  maximal  effective  dose  of  insulin 
(0.5  U/kg  iv)  in  warm  as  well  as  in  cold-ac- 
climated  animals.  The  data  demonstrate 
that  1)  activation  of  shivering  and/or  non¬ 
shivering  thermogeneses  by  cold  exposure  re¬ 
sults  in  a  rapid  increase  of  glucose  uptake  in 
peripheral  tissues;  2)  cold  acclimation  en¬ 
hances  the  capacity  of  heart  and  WAT  for 
cold-induced  glucose  uptake,  but,  with  the 
exception  of  WAT,  it  does  not  induce  long¬ 
term  alterations  in  glucose  metabolism;  and 
3)  cold  exposure,  but  not  cold  acclimation,  in¬ 
creases  insulin  responsiveness  (maximum  ve¬ 
locity)  in  all  tissues  tested.  The  results  also 
indicate  that  activation  of  nonshivering 
thermogenesis  in  BAT  and  muscles  of  cold-ac- 
climated  animals  represents  the  principal 
phenomenon  explaining  the  improvement  by 
cold  exposure  of  glucose  tolerance  and  insulin 
action. 


Vallerand,  A.L.,  &  Jacobs,  I.  (1990).  Influence 
of  cold  exposure  on  plasma  triglyceride 
clearance  in  humans.  Metabolism,  39 , 1211- 
1218. 

Abstract  Recent  human  studies  have 

shown  that  cold  exposure  increases  lipid  oxi¬ 
dation,  even  when  the  oxidation  of  circulat¬ 
ing  free  fatty  acid  (FFA)  is  markedly  re¬ 
duced  by  the  ingestion  of  nicotinic  acid,  thus 
seriously  questioning  the  importance  of  FFA 
for  lipid  oxidation  in  the  cold-exposed  hu¬ 
mans.  It  was  therefore  hypothesized  that 
similarly  to  prolonged  exercise,  fatty  acid 
from  plasma  triglycerides  (TG)  are  impor¬ 
tant  energy  substrates  for  oxidation  during 
prolonged  cold  exposure  in  man.  The  goal  of 


this  study  was  to  determine  the  influence  of 
cold  exposure  on  an  index  of  plasma  TG  uti¬ 
lization,  the  intravenous  fat  tolerance  test 
(IVFTT).  To  evaluate  the  possibility  of  a  de¬ 
layed  increase  in  fat  tolerance,  a  second  cold 
exposure  and  a  IVFTT  were  also  performed  24 
hours  after  the  first  cold  exposure.  Seven 
healthy  males  (fasting,  seminude)  were  sub¬ 
jects  to  an  IVFTT  (1  mL/kg  10%  Intralipid)  on 
three  occasions  while  resting  for  160  minutes: 
(1)  at  29°C.  (2)  in  the  cold  (10°C,  1  m/s  wind), 
and  (3)  at  10°C  24  hours  aher  the  first  cold 
test.  One  week  separated  the  warm  test  from 
the  cold  tests.  Cold  exposure  reduced  mean 
body  temperature  by  3.4  ±  0.1°C  and  increased 
energy  expenditure  2.5  times  in  comparison  to 
warm  values  (P  <  .01).  It  also  increased  fat 
oxidation  by  70%  (P  <  .05)  and  plasma  glyc¬ 
erol  levels  (P  <  .05),  but  did  not  alter  fat  tol¬ 
erance.  Although  the  second  cold  test  en¬ 
tailed  essentially  the  same  changes  in  body 
temperatures  and  heat  production  as  the  first 
one,  the  second  cold  test  was  accompanied  by 
a  further  increase  in  fat  utilization  (132% 
above  warm  values,  P  <  .01),  slightly  higher 
plasma  glycerol  levels,  and  an  unchanged  fat 
tolerance.  The  results  of  the  present  study 
demonstrate  that  cold  exposure  in  humans 
significantly  increases  the  oxidation  of 
lipid,  and  that  plasma  TG  do  not  appear  to 
be  an  important  energy  substrate  in  the  cold, 
even  when  lipid  metabolism  is  further  in¬ 
creased  by  the  second  cold  test.  It  is  sug¬ 
gested  that  adipose  tissue  TG  and  intramus¬ 
cular  TG,  not  plasma  TG,  are  the  preferred 
sources  of  fatty  acids  for  oxidation  in  cold- 
exposed  humans. 


1991 

Bain,  B.  (1991).  Effectiveness  of  ice-vest 
cooling  in  prolonging  work  tolerance  time 
during  heavy  exercise  in  the  heat  for  person¬ 
nel  wearing  Canadian  Forces  chemical  de¬ 
fence  ensembles.  (DCIEM  91-06).  Defence  and 
CivU  Institute  of  Environmental  Medicine. 
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Abstract  The  effectiveness  of  a 

portable,  ice-pack  cooling  vest  (Steelevest) 
in  prolonging  work  tolerance  time  in  chemi¬ 
cal  defence  clothing  in  the  heat  (33°C  dry 
bulb,  33%  relative  humidity  or  25°C  WBGT) 
was  evaluated  while  subjects  exercised  at  a 
metabolic  rate  of  -700  watts.  Six  male  volim- 
teers  were  used  as  subjects.  The  protocol  con¬ 
sisted  of  a  20  minute  treadmill  walk  at  1.33 
m  •  s"^  (4.8  km  •  h'^  )  and  7.5%  grade,  fol¬ 
lowed  by  15  minutes  of  a  lifting  task,  5  min¬ 
utes  rest,  then  another  20  minutes  of  lifting 
task  for  a  total  of  one  hour.  The  lifting  task 
consisted  of  lifting  a  20  kg  box,  carrying  it  3 
metres  and  setting  it  down.  This  was  fol¬ 
lowed  by  a  6  metre  walk  (3  m  back  to  the 
start  point  and  3  m  back  to  the  box)  in  15  sec 
after  which  the  lifting  cycle  began  again. 
The  work  was  classified  as  heavy  as  defined 
in  a  previous  paper  (McLellan  et  al  (5)).  This 
protocol  was  repeated  imtil  the  subjects  were 
imable  to  continue  or  they  reached  a  physio¬ 
logical  endpoint.  The  time  to  voluntary  ces¬ 
sation  or  physiological  endpoint  was  called 
the  work  tolerance  time.  Physiological  end¬ 
points  were  rectal  temperature  of  39°C,  heart 
rate  exceeding  95%  of  maximum  for  two  con¬ 
secutive  minutes  or  visible  loss  of  motor  con¬ 
trol  or  nausea. 

The  cooling  vest  had  no  effect  on 
work  tolerance  time,  rate  of  rise  of  rectal 
temperature  or  sweat  loss.  Work  tolerance 
time  without  cooling  averaged  39.6  ±  9.9 
minutes  compared  with  44.3  ±  17.8  minutes 
with  cooling  (mean  ±  SD). 

It  was  concluded  that  the  Steelevest 
ice-vest  is  ineffective  in 
prolonging  work  tolerance  time  and  prevent¬ 
ing  increases  in 

rectal  temperature  in  the  above  conditions 
while  wearing  chemical 
protective  clothing. 


Abstract  This  is  the  final  report  on 
the  tasking  to  look  at  the  blood  lactate  (LA) 
response  to  the  Canadian  Aerobic  Fitness 
Test,  i.e.,  EXPRES  step  test.  The  purposes  of 
this  study  were  to  determine  if  LA  could  be 
used  to  predict  maximal  aerobic  power 

( V02max)  from  the  EXPRES  step- test  pro¬ 
cedures  and  to  compare  this  prediction  with 
the  current  procedures  which  employ  sub- 
maximal  heart  rate  (HR).  Male  (n=137)  and 
female  (n=98)  CF  personnel  between  the  ages 
of  18  and  53  years  participated  in  this  study. 
The  LA  concentration  after  each  stage  of  the 
step  test  was  measured  in  all  subjects  by  sam¬ 
pling  blood  from  the  finger-tip.  A  sub-sam¬ 
ple  of  this  population,  90  males  and  66  fe¬ 
males  had  their  V02max  measured  di¬ 
rectly  during  a  maximal  treadmill  run.  LA 
and  heart  rate  (HR)  from  stage  5  were  corre¬ 
lated  with  the  treadmill-determined 

V02max .  At  stage  5  the  males  ascend  and 
descend  a  stairway  consisting  of  2  eight  inch 
steps  at  a  rate  of  22  times  per  minute  for  3 
minutes;  the  females  ascend  and  descend  the 
same  steps  at  20  times  per  minute.  The  re¬ 
sults  showed  increasing  stages  of  the  step  test 
were  associated  with  increasing  LA. 

Correlations  between  LA  and  V02inax  were 
-0.71  and  -0.72  for  the  males  and  females,  re¬ 
spectively,  and  were  higher  than  the  corre¬ 
lations  between  HR  and  V02lliax  which 
were  -0.36  and  -0.65  respectively.  LA  mea¬ 
sured  during  stage  5  was  a  better  predictor  of 

V02niax  than  heart  rate  for  the  males.  For 
the  females,  although  LA  produced  a  higher 
correlation,  it  was  not  significantly  different 
from  HR.  Age  appears  to  be  the  main  reason 
for  the  difference  in  LA  response  between 
males  and  females.  Only  6%  of  the  females 
tested  were  over  40  while  25%  of  the  males 
exceeded  this  age. 


Bell,  D.  G.,  &  Jacobs,  I.  (1991).  Blood  lactate 
response  to  the  CF  EXPRES  step  test:  final 
report.  (DCIEM  91-44).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 
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Daanen,  H.  A.  M.,  &  Ducharme,  M.  B.  (1991). 
Physiological  responses  of  the  human 
extremities  to  cold  water  immersion. 

(Rep.No.  IZF  1991  A-15).  TNO  Institute  for 
Perception. 

Abstract  Five  subjects  immersed  their 
hands  and  feet  twice  during  1  hour  sessions  in 
a  calorimeter  bath,  filled  with  water  at 
25°C.  Before  immersion,  the  hand 
(33.0±2,2°C)  was  warmer  than  the  foot 
(30.6±2. 1°C)  and  so  was  the  blood  flow:  re¬ 
spectively  5.8±5.2  versus  0.7±0.3  ml  min" 
^•100  ml  tissue-I  as  determined  by  strain 
gauge  plethysmography  and  10.8+5.1  versus 
6.7±5.3  by  the  doppler  method.  At  the  end  of 
the  immersion  period  the  blood  flow  had  de¬ 
creased  by  a  factor  of  2.9  (doppler)  and  4.3 
(plethysmograph).  The  local  heat  transfer, 
determined  by  heat  flux  transducers,  was 
higher  immediately  after  immersion.  The 
maximum  was  higher  at  the  ventral  sides 
than  at  the  dorsal  sides  of  the  hand  (225±93 
versus  186+61  W-m"^)  and  the  foot  (178±53 
versus  160±57  W-m"^).  The  total  heat  trans¬ 
ferred  to  the  water  by  hand  and  foot  during 
the  60  minutes  of  immersion,  determined  by 
calorimetry,  was  47±  21  and  36±  18  kj  respec¬ 
tively.  The  maximal  heat  flux  was  37  +  14 
W  for  the  hand  and. 34  ±  15  W  for  the  foot. 
The  local  heat  transfer,  determined  by  the 
HFT,  was  highest  immediately  after  immer¬ 
sion  at  the  ventral  side  of  the  hand  (225  ±  93 
W^m"^),  and  lowest  at  the  dorsal  side  of  the 
foot  (160  +  57  W«m"^).  The  heat  flux  for  the 
dorsal  side  of  the  hand  was  186  ±  61  W*m"^ 
for  the  ventral  side  of  the  foot. 

Estimation  of  the  total  heat  transfer  from 
the  extremity  using  the  data  from  the  two 
HFT's,  showed  lower  values  than  the  values 
obtained  with  calorimetry.  Between  the 
20th  and  the  30th  minute  of  immersion  the 
average  power  transferred  to  the  water,  es¬ 
timated  from  the  HFT's,  was  calculated  to  be 
about  4.4  W,  while  the  calorimeter  measured 
a  power  transfer  of  17.4  W.  A  very  high  heat 
flux  from  the  fingers  may  explain  part  of  the 
differences. 


Heat  flux,  rectal  and  local  skin  temperature 
and  blood  flow  are  very  subject  specific.  One 
subject  even  transferred  more  heat  to  the  wa¬ 
ter  by  the  dorsal  side  of  the  hand  than  the 
ventral  side.  All  subjects  showed  in  some  ex¬ 
periments  fluctuations  in  heat  flux  and  skin 
temperatures.  These  fluctuations  may  be  as¬ 
sociated  with  a  thermoregulatory  function. 


Daanen,  H.  A.  M.,  &  Ducharme,  M.  B.  (1991). 
Physiological  responses  of  the  human 
extremities  to  cold  water  immersion.  Arct. 
Med.  Res.,  50(Suppl.  6),  115-121. 

Abstract  Five  subjects  immersed  their 

hands  and  feet  twice  during  1  hour  sessions  in 
a  calorimeter  bath,  filled  with  water  at 
25'^C.  Before  immersion,  the  hand 
(33.0±2.2'^C)  was  warmer  than  the  foot 
(30.6±2. 1°C)  and  so  was  the  blood  flow:  re¬ 
spectively  5. 8+5.2  versus  0.7±0.3  ml  min" 

^•100  ml  tissue-I  as  determined  by  strain 
gauge  plethysmography  and  10.8+5.1  versus 
6.7±5.3  by  the  doppler  method.  At  the  end  of 
the  immersion  period  the  blood  flow  had  de¬ 
creased  by  a  factor  of  2.9  (doppler)  and  4.3 
(plethysmograph).  The  local  heat  transfer, 
determined  by  heat  flux  transducers,  was 
higher  immediately  after  immersion.  The 
maximum  was  higher  at  the  ventral  sides 
than  at  the  dorsal  sides  of  the  hand  (225+93 
versus  186+61  W-m"^)  and  the  foot  (178+53 
versus  160+57  W-m"^).  The  total  heat  trans¬ 
ferred  to  the  water  by  hand  and  foot  during 
the  60  minutes  of  immersion,  determined  by 
calorimetry,  was  47+21  and  36+36  kJ  respec¬ 
tively  and  was  not  statistically  different  due 
to  considerable  interindividual  differences. 
Interindividual  differences  were  also  found 
for  heat  flux,  rectal  and  local  skin  tempera¬ 
tures  and  blood  flow.  These  differences  will 
have  to  be  taken  into  account  if  a  comparison 
is  made  between  normal  subjects  and  subjects 
having  local  cold  injuries. 
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Ducharme,  M.  B.  (1991).  Individual  vari¬ 
ability  of  tissue  temperature  profile  in  the 
human  forearm  during  water  immersion. 
(DCIEM  90-10).  Defence  and  Civil  Institute 
of  Environmental  Medicine. 

Abstract  The  purpose  of  the  present 

study  was  to  investigate  the  effect  of  a  range 
of  water  temperatures  (Tw  from  15  to  36°C)  on 
the  shape  of  the  tissue  temperature  profile 
of  the  resting  human  forearm  at  thermal  sta¬ 
bility.  Tissue  temperature  (Tt)  was  continu¬ 
ously  monitored  by  a  calibrated  multicouple 
probe  during  3  hours  immersion  of  the  fore¬ 
arm.  The  probe  was  implanted  approxi¬ 
mately  9  cm  distal  from  the  olecranon  process 
along  the  ulnar  ridge.  Tt  was  measured  every 
5  nun,  from  the  longitudinal  axis  of  the  fore¬ 
arm  (determined  from  computed  tomography 
scanning)  to  the  skin  surface.  For  all  temper¬ 
ature  conditions,  the  temperature  profile  in¬ 
side  the  Umb  was  linear  as  a  function  of  the 
radial  distance  from  the  forearm  axis  (p  < 
0.01)  when  the  temperature  data  were  aver¬ 
aged  for  the  different  groups  at  each  water 
temperature  tested.  However,  interindivid- 
ual  variability  regarding  the  shape  of  the 
temperature  profile  was  observed,  in  addi¬ 
tion  to  intraindividual  variability  in  5  of 
the  15  subjects.  A  linear  profile  was  observed 
in  50%  of  the  subjects,  a  profile  with  convex 
curvature  in  30%,  and  a  profile  with  concave 
curvature  in  the  remaining  20%.  No  signifi¬ 
cant  relationship  was  observed  between  the 
occurrence  rate  of  the  different  shapes  of 
temperature  profile  and  the  water  tempera¬ 
ture.  These  data  suggest  that  anatomical 
structures  like  bone  and  artery  located  at 
proximity  to  the  pathway  of  the  thermal 
probe  implantation  could  have  influenced 
the  shape  of  the  individual  temperature 
profile  inside  the  forearm. 


Ducharme,  M.  B.,  &  Frim,  J.  (1991). 
Methodology  for  calibration  and  use  of  heat 
flux  transducers.  (DCIEM  91-45).  Defence 
and  Civil  Institute  of  Environmental 
Medicine. 


Abstract  The  direct  assessment  of  heat 
flux  from  the  body  is  a  basic  measurement  in 
thermal  physiology.  Heat  flux  transducers 
(HFTs)  are  being  used  increasingly  for  that 
purpose  under  different  environmental  condi¬ 
tions.  However,  questions  have  been  raised 
regarding  the  accuracy  of  the  manufacturer's 
constant  of  calibration,  and  also  about  the  ef¬ 
fect  of  the  thermal  resistance  of  the  device 
on  the  true  thermal  flux  from  the  skin.  Two 
different  types  of  waterproofed  HFTs  were 
checked  for  their  calibration  using  the 
Rapid-k  thermal  conductivity  instrument.  A 
detailed  description  of  the  methodology 
used  during  the  calibration  is  given.  The 
mean  differences  between  our  calibration  con¬ 
stants  and  the  manufacturers'  constants  were 
+20.2  ±  7.1%  (n  =  15)  for  Thermonetics 
Corporation's  HFTs  (San  Diego,  CA)  and  -0.7 
+  4.8%  (n  =  12)  for  Concept  Engineering's 
HFTs  (Old  Saybrook,  CT).  The  highly  sig¬ 
nificant  statistical  difference  in  the  error  of 
calibration  between  the  two  manufacturers  (p 
<  0.001)  becomes  an  important  criterion  for 
the  selection  of  HFTs. 

A  model  capable  of  simulating  a 
large  range  of  "tissue"  insulation  was  used  to 
study  the  effect  of  the  imderlying  tissue  insu¬ 
lation  on  the  relative  error  in  thermal  flux 
due  to  the  thermal  resistance  of  the  HFTs. 
The  data  show  that  the  deviation  from  the 
true  value  of  thermal  flux  increases  with  the 
reciprocal  of  the  underlying  tissue  insulation 
(r  =  0.99,  p  <  0.001).  The  underestimation  of 
the  heat  flux  through  the  skin  measured  by 
an  HFT  is  minimal  when  the  device  is  used 
on  vasoconstricted  skin  in  cool  subjects  (3  to 
13%  error),  but  becomes  important  when  used 
on  warm  vasodilated  subjects  (29  to  35%  er¬ 
ror),  and  even  more  important  on  metallic 
skin  mannequins  ( >  60%  error).  In  order  to 
optimize  ttie  accuracy  of  the  heat  flux  mea¬ 
surements  by  HFTs,  it  is  important  to  recali¬ 
brate  the  HFTs  from  Thermonetics 
Corporation,  and  to  correct  the  heat  flux  val¬ 
ues  for  the  thermal  resistance  of  the  HFT 
when  used  on  vasodilated  tissues. 
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Ducharme,  M.  B.,  &  Tikuisis,  P.  (1991).  In 
vivo  thermal  conductivity  of  the  human 
forearm  tissue  during  thermal  stress.  /.  Appl 
Physiol,  70(6),  2682-2690. 

Abstract  The  effective  thermal  con¬ 

ductivities  of  the  skin  +  subcutaneous  fat 
(^^eff  skin  +  fat)  muscle  (k^ff  muscle) 
sues  of  the  human  forearm  at  thermal  steady 
state  during  immersion  in  water  at  tempera¬ 
tures  (T^)  ranging  from  15  to  36°C  were  de¬ 
termined.  Tissue  temperature  (T^-)  was  con¬ 
tinuously  monitored  by  a  calibrated  multi¬ 
couple  probe  during  a  3-h  immersion  of  the 
resting  forearm.  T^  was  measured  every  5  mm 
from  the  longitudinal  axis  of  the  forearm 
(determined  from  computed-tomography 
scanning)  to  the  skin  surface.  Skin  tempera¬ 
ture  (Tgj.),  heat  loss  (Hgj^),  and  blood  flow 
(Q)  of  the  forearm,  as  well  as  rectal  temper¬ 
ature  (Tj.g)  and  arterial  blood  temperature  at 
the  brachial  artery  (T^j^),  were  measured 
during  the  experiments.  When  the  kgff  val¬ 
ues  were  calculated  from  the  finite-element 
(FE)  solution  of  the  bioheat  equation,  k^ff 

skin  +  fat  from  0.28  ±  0.03  to  0.73  ± 

0.14  W*°C“^-m"^  and  kgff  muscle  varied  be¬ 
tween  0.56  ±  0.05  and  1.91  ±  0.19 
from  15  to  36°C.  The  values  of  k^ff  gj^^  +  fat 
and  kgff  muscle  calculated  from  the  FE  solu¬ 
tion  for  T^  <  30°C,  were  not  different  from 
the  average  in  vitro  values  obtained  from 
the  literature.  The  k^ff  values  of  the  fore¬ 
arm  tissues  were  linearly  related  (r  =  0.80,  P 
<  0.001)  to  Q  for  Tw  >  30°C.  It  was  found  that 
the  muscle  tissue  could  account  for  92  ±  1%  of 
the  total  forearm  insulation  during  immer¬ 
sion  in  water  between  15  and  36°C. 


Ducharme,  M.  B.,  VanHelder,  W.  P.,  & 
Radomski,  M.  W.  (1991).  Cyclic  intramus¬ 
cular  temperature  fluctuations  in  the  human 
forearm  during  cold-water  immersion.  Eur, }. 
Appl  Physiol,  63,  188-193. 


Abstract  The  purpose  of  the  present 
study  was  to  investigate  the  intramuscular 
temperature  fluctuations  in  the  human  fore¬ 
arm  immersed  in  water  at  15°C.  Tissue  tem¬ 
perature  (Tt)  was  continuously  morutored  by 
a  calibrated  multicouple  probe  during  3  h 
immersion  of  the  forearm.  The  probe  was 
implanted  approximately  90  mm  distal  from 
the  olecranon  process  along  the  ulnar  ridge. 

Tt  was  measured  every  5  mm,  from  the  longi¬ 
tudinal  axis  of  the  forearm  (determined  from 
computed  tomography  scanning)  to  the  skin 
surface.  Along  with  Tt,  rectal  temperature, 
skin  temperature  and  heat  loss  of  the  fore¬ 
arm  were  measured  during  the  immersions. 
Five  of  the  six  subjects  tested  showed  evi¬ 
dence  of  cyclic  temperature  fluctuations  in 
the  forearm  limited  to  the  muscle  tissue.  The 
first  increase  of  the  muscle  temperature  was 
observed  75  (SE  6)  min  after  the  onset  of  the 
immersion,  and  the  duration  of  the  cycle  av¬ 
eraged  36  (SE  3)  min.  The  maximum  increase 
of  the  muscle  temperature,  which  ranged  be¬ 
tween  0.4°C  and  l.O'^C,  was  measured  at  the 
axis  of  the  forearm,  and  was  inversely  corre¬ 
lated  to  the  circumference  of  the  subject's 
forearm  (P  <  0.05).  No  corresponding  in¬ 
creases  of  the  skin  temperature  and  heat  loss 
of  the  forearm  were  observed  for  the  com¬ 
plete  duration  of  the  immersion.  These  data 
support  the  hypothesis  of  a  significant  con¬ 
tribution  of  the  muscle  vessels  during  cold- 
induced  vasodilatation  in  the  forearm. 


Ducharme,  M.  B.,  VanHelder,  W.  P.,  & 
Radomski,  M.  W.  (1991).  Tissue  temperature 
profile  in  the  human  forearm  during  thermal 
stress  at  thermal  stability.  /.  Appl  Physiol, 
71(5),  1973-1978. 

Abstract  The  purpose  of  the  present 

Study  was  to  investigate  the  effect  of  a  range 
of  water  temperature  (Tw  from  15  to  36°C)  on 
the  tissue  temperature  profile  of  the  resting 
human  forearm  at  thermal  stability.  Tissue 
temperature  (Tti)  was  continuously  moni¬ 
tored  by  a  calibrated  multicouple  probe  dur¬ 
ing  3  h  of  immersion  of  the  forearm.  The 
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probe  was  implanted  ~9  cm  distal  from  the 
olecranon  process  along  the  ulnar  ridge.  Tti 
was  measured  every  5  mm,  from  the  longitu¬ 
dinal  axis  of  the  forearm  (determined  from 
computed  tomography  scanning)  to  the  skin 
surface.  Along  with  Tti,  skin  temperature 
(Tsk),  rectal  temperature  (Tre),  and  blood 
flow  were  measured  during  the  immersions. 
For  all  temperature  conditions,  the  tempera¬ 
ture  profile  inside  the  limb  was  linear  as  a 
function  of  the  radial  distance  from  the  fore¬ 
arm  axis  (P  <  0.001).  Temperature  gradient 
measured  in  the  forearm  ranged  from  0.2  ± 
0.1°C  cm  (Tw  =  36°C)  to  2.3  ±  0.5°C  cm  (Tw  = 
15°C).  The  maximal  Tti  was  measured  in  all 
cases  at  the  longitudinal  axis  of  the  forearm 
and  was  in  aU  experimental  conditions  lower 
than  Tre.  On  immersion  at  Tw  <  36°C,  the 
whole  forearm  can  be  considered  to  be  part  of 
the  shell  of  the  body.  With  these  experi¬ 
mental  data,  mathematical  equations  were 
developed  to  predict,  with  an  accuracy  of  at 
least  0.6°C,  the  Tti  at  any  depth  inside  the 
forearm  at  steady  state  during  thermal 
stress.  The  data  of  the  present  study  support 
the  important  role  of  convective  heat  ex¬ 
change  between  blood  and  tissue  on  the  Tti  of 
the  forearm. 


Frim,  J.,  &  Glass,  K.  (1991).  Alleviation  of 
thermal  strain  in  engineering  space  personnel 
aboard  CF  ships  with  the  Exotemp  personal 
cooling  system.  (DCIEM  91-62).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  The  engineering  spaces 

aboard  Canadian  Forces  (CF)  ships  operating 
in  warm  climates  can  become  very  hot  work¬ 
ing  environments.  Some  of  these  areas,  no¬ 
tably  the  boiler  room,  are  outside  the 
citadel,  and  personnel  working  in  these  areas 
during  periods  of  chemical  threat  must  wear 
chemical  defence  (CD)  clothing.  The  extra 
insulation  and  the  increased  resistance  to 
sweat  evaporation  of  this  clothing,  coupled 
with  the  heat  of  the  environment,  can  im¬ 
pose  a  severe  heat  stress  on  the  engineering 
personnel.  A  field  trial  was  conducted 


aboard  the  HMCS  Ottawa  while  en  route 
from  Halifax  to  Puerto  Rico  to  see  if  the 
Exotemp  liquid-based  personal  cooUng  sys¬ 
tem,  proven  very  successful  in  CF  Sea  King 
helicopter  operations  in  the  Persian  Gulf, 
could  alleviate  thermal  stress  under  the 
above  simulated  conditions.  Twelve  engine 
room  persormel  from  three  watches  partici¬ 
pated  in  the  trial,  conducting  their  normal 
engine-room  duties  while  being  monitored  for 
thermal  physiological  strain  in  four  clothing 
ensembles:  normal  work  dress  (WD);  normal 
work  dress  with  cooling  (WC);  chemical  de¬ 
fence  clothing  (CD);  and  chemical  defence 
clothing  with  cooling  (CC).  Note  that  the 
engine  room  was  used  in  place  of  the  boiler 
room  because  it  offered  more  space,  and  be¬ 
cause  the  environment  was  easier  to  control. 
Heat  stress  conditions  of  45-50°C  dry-bulb 
temperature  were  created  by  shutting  off  the 
ventilation  fans  for  about  90  minutes  at  the 
start  of  each  watch.  Rectal  temperatures  at 
90  minutes  of  elapsed  time  clearly  indicated 
statistically  significant  benefits  of  cooling 
with  the  chemical  defence  clothing 
(condition  CD:  38.3°C;  condition  CC:  37.6°C; 
p=0.002).  Although  not  statistically  signifi¬ 
cant,  reductions  in  core  temperature  were  also 
seen  when  cooling  was  used  with  normal 
work  dress  (condition  WD:  38.0°C;  condition 
WC:  37.7°C;  p=0.053).  Heart  rates  were  gen¬ 
erally  above  120  bpm  without  cooling 
(conditions  WD  and  CD)  while  they  gener¬ 
ally  remained  below  120  bpm  with  cooling 
(conditions  WC  and  CC).  Limited  skin  tem¬ 
perature  and  heat  flux  information  corrobo¬ 
rated  the  core  temperature  and  heart  rate 
data,  showing  that  the  Exotemp  personal 
cooling  system  can  alleviate  thermal  strain 
in  engineering  space  persormel.  Personal  cool¬ 
ing  is  recommended  in  conjunction  with  the 
CD  ensemble,  and  could  be  considered  for  rou¬ 
tine  use  with  standard  dress  whenever  ships 
are  operating  in  hot  climates. 
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Gass,  G.  C.,  McLellan,  T.  M.,  &  Gass,  E.  M. 
(1991).  Effects  of  prolonged  exercise  at  a 
similar  percentage  of  maximal  oxygen  con¬ 
sumption  in  trained  and  xmtrained  subjects. 
Eur.  },  AppL  Physiol,  63,  430-435. 

Abstract  Six  trained  male  cyclists  and 

six  untrained  but  physically  active  men  par¬ 
ticipated  in  this  study  to  test  the  hypothesis 
that  the  use  of  percentage  maximal  oxygen 

consumption  (%  V02inax)  as  a  normalizing 
independent  variable  is  valid  despite  signif¬ 
icant  differences  in  the  absolute  V02max  of 
trained  and  imtrained  subjects.  The  subjects 
underwent  an  exercise  test  to  exhaustion  on  a 

cycle  ergometer  to  determine  V02inax  and 
lactate  threshold.  The  subjects  were  grouped 

as  trained  (T)  if  their  V02niax  exceeded  60 
ml*kg“^*min’^,  and  imtrained  (UT)  if  their 

V02max  was  less  than  50  ml-kg"^-min“^. 
The  subjects  were  required  to  exercise  on  the 
ergometer  for  up  to  40  min  at  power  outputs 
that  corresponded  to  approximately  50%  and 

70%  V02maxx.  The  allocation  of  each  ex¬ 
ercise  session  (50%  or  70%  V02niax)  was 
random  and  each  session  was  separated  by  at 
least  5  days.  During  these  tests  venous  blood 
was  taken  10  min  before  exercise  (-10  min), 
just  prior  to  the  commencement  of  exercise  (0 
min),  after  20  min  of  exercise  (20  min),  at  the 
end  of  exercise  and  10  min  post-exercise  (+10 
min)  and  analysed  for  concentrations  of  corti¬ 
sol,  [Na+],  [K"^],  [Cr],  glucose,  free  fatty 
acid,  lactate  [la’“],  [NH3],  haemoglobin  [Hb) 
and  for  packed  ceU  volume.  The  oxygen  con¬ 
sumption  (VO2)  and  related  variables  were 
measured  at  two  time  intervals  (14-15  and 
34-35  min)  during  the  prolonged  exercise 
tests.  Rectal  temperature  was  measured 
throughout  both  exercise  sessions.  There  was 
a  significant  interaction  effect  between  the 
level  of  training  and  exercise  time  at  50% 

V02inax  for  heart  rate  (f  c  )and  venous  [la~ 
].  At  70%  V02max,  VO2  and  ventilation 
(VE)  for  the  T  group  and  VO2,  VE  and  carbon 


dioxide  production  for  the  UT  group  in¬ 
creased  significantly  with  time  and  there 
was  a  significant  interaction  effect  for  fc, 
[la“],  [Hb]  and  [NH3].  The  change  in  body 

mass  at  50%  and  70%  V02niax  was  signifi¬ 
cantly  greater  in  the  T  group.  The  present 
study  found  that  when  two  groups  of  male 

subjects  with  different  absolute  V02max 
exercised  at  a  similar  percentage  of 

V02max  some  effector  responses  were  sig¬ 
nificantly  different,  questioning  the  validity 

of  selecting  %  V02max  as  a  normalizing  in¬ 
dependent  variable. 


Martineau,  L.,  &  Jacobs,  I.  (1991).  Effects  of 
muscle  glycogen  and  plasma  FFA 
availability  on  human  metabolic  responses 
in  cold  water.  /.  AppL  Physiol,  71,  1331- 
1339. 

Abstract  The  purpose  of  this  study 

was  to  investigate  whether  simultaneous  al¬ 
terations  in  the  availability  of  plasma  free 
fatty  acids  and  muscle  glycogen  would  im¬ 
pair  the  maintenance  of  thermal  balance 
during  cold  water  immersion  in  humans. 

Eight  seminude  subjects  were  immersed  on 
two  occasions  in  18°C  water  for  90  min  or  until 
rectal  temperature  (Tj.g)  decreased  to  35.5°C. 
Each  immersion  followed  2.5  days  of  a  spe¬ 
cific  dietary  and  exercise  regimen  designed  to 
elicit  low  (LOW)  or  high  glycogen  levels 
(HIGH)  in  large  skeletal  muscle  groups. 
Nicotinic  acid  (1.6  mg/kg)  was  administered 
for  2  h  before  and  during  immersion  to  inhibit 
white  adipose  tissue  lipolysis.  Biopsies 
from  the  vastus  lateralis  showed  that  the 
glycogen  concentration  before  the  immersion 
was  significantly  lower  in  LOW  than  in 
HIGH  (223  ±  19  vs.  473  ±  24  mmol  glucose 
units/kg  dry  muscle).  However,  the  mean 
rates  of  glycogen  utilization  were  not  signifi¬ 
cantly  different  between  trials  (LOW  0.62  ± 
0.14  vs.  HIGH  0.88  ±  0.15  mmol  glucose  units  • 
kg-l .  min-^).  Nicotinic  acid  dramatically 
reduced  plasma  free  fatty  acid  levels  in  both 
trials,  averaging  127  ±  21  jimol/L  immedi- 
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ately  before  the  immersion.  Cold  water  im¬ 
mersion  did  not  significantly  alter  those  lev¬ 
els.  Plasma  glucose  levels  were  significantly 
reduced  after  cold  water  immersion  to  a  simi¬ 
lar  extent  in  both  trials  (18  ±  4%).  Mean  res¬ 
piratory  exchange  ratio  at  rest  and  during 
immersion  was  greater  in  HIGH  than  LOW, 
whereas  there  were  no  inter  trial  differences 
in  O2  uptake.  The  calculated  average 
metabolic  heat  production  during  immersion 
tended  to  be  lower  (P  =  0.054)  in  LOW  than  in 
HIGH  (15.3  ±  1.9  vs.  17.5  ±  1.9  kj/min).  There 
were  no  intertrial  differences  between  the 
immersion  times  (LOW  64  ±  9  vs.  HIGH  71  ± 
7  min),  the  total  decrease  of  Tre  or  the  over¬ 
all  rate  of  fall  of  Tj-q.  These  results  suggest 
that,  despite  marked  reductions  in  levels  of 
energy  substrates,  the  thermal  and  metabolic 
responses  to  cold  remained  unaltered,  proba¬ 
bly  because  of  compensatory  utilization  of  al¬ 
ternative  fuels. 


McLellan,  T.,  Cheung,  K.,  &  Jacobs,  1.  (1991). 
Incremental  test  protocol,  recovery  mode  and 
the  Individual  Anaerobic  Threshold.  Int.  /. 
Sports  Med.,  12,  190-195. 

Abstract  The  individual  anaerobic 

threshold  (lAT)  is  defined  as  the  highest 
metabolic  rate  at  which  blood  lactate  (LA) 
concentrations  are  maintained  at  a  steady- 
state  during  prolonged  exercise  (15).  The 
purpose  of  tWs  study  was  to  compare  the  ef¬ 
fects  of  active  and  passive  recovery  on  the 
determination  of  LAT  following  both  a  sub- 
maximal  or  maximal  incremental  exercise 

test.  Seven  males  ( V02niax  =  57.6 1  ±  5.8 
ml*kg"l-min“l)  did  two  submaximal,  incre¬ 
mental  cycle  exercise  tests  (30  W  and  4  min 
per  step)  and  two  maximal  incremental  tests. 
Blood  was  sampled  repeatedly  during  exer¬ 
cise  and  for  12  min  during  the  subsequent  re¬ 
covery  period,  which  was  passive  for  one 
submaximal  and  one  maximal  test  and  active 

(-  35%  V02max)  during  the  other  tests.  An 
lAT  metabolic  rate  and  power  output  were 
calculated  for  the  submax-passive  (lATsp, 


LA  =  1.85  ±  0.42  rnmoLT^),  maxpassive 
(lATmp,  LA  =  3.41  ±  1.14  mmoH"^),  submax- 
active  (lATsa,  LA  =  2.13  ±  0.45  mmol-H)  and 
max-active  (lATma,  LA  =  3.44  ±  0.73  mmoM" 
1)  protocols.  At  weekly  intervals,  the  sub¬ 
jects  exercised  for  30  min  at  one  of  the  four 
lAT  metabolic  rates.  Active  recovery  did  not 
affect  the  calculation  of  lAT,  but  following 
the  maximal  incremental  tests,  LAT  occurred 
at  a  higher  (p  <  0.05)  power  output,  absolute 

VO2  and%  V02max  (71%  V02max)  com¬ 
pared  with  the  lAT  determined  with  the 
submaximal  incremental  tests  (61% 

V02niax ).  During  the  30-min  LATmp  and 
lATma  rides,  LA  and  pH  did  not  change  sig¬ 
nificantly  during  the  final  15  min,  but  LA 
values  were  higher  (4.65  ±  0.62  and  5.20  ± 
1.30,  respectively)  and  pH  lower  (7.31  ±  0.02 
and  7.30  ±  0.06,  respectively)  compared  with 
the  lATsp  and  lATsa  rides  (2.40  ±  0.77  and 
2.90  ±  0.78,  respectively  for  LA  and  7.36  ± 

0.03  and  7.35  ±  0.03,  respectively  for  pH). 

The  results  demonstrate  that  for  these  sub¬ 
jects  the  calculated  lAT  is  not  affected  by  an 
active  recovery  period  but  the  LAT  occurred 
at  a  higher  metabolic  rate  following  a  max¬ 
imal  compared  with  a  submaximal  incremen¬ 
tal  exercise  test. 


McLellan,  T.  M.  (1991).  Influence  of  metabolic 
rate  at  40^  C  ambient  temperature  on  work 
tolerance  times  with  varying  levels  of 
Canadian  Forces  NBC  protective  clothing. 
(DCIEM  91-27).  Defence  and  Civil  Institute 
of  Environmental  Medicine. 

Abstract  This  study  examined  the  ef¬ 
fects  of  a  warm  environmental  temperature 
(40°C  and  50%  relative  humidity)  and 
metabolic  rate  on  soldiers'  work  tolerance 
time  (WTT)  while  wearing  various  levels  of 
nuclear,  biological  and  chemical  (NBC)  de¬ 
fence  protective  clothing.  Nineteen  tmaccli- 
matized  males  (31  ±  6  y,  80  ±  11  kg,  1.76  ±  0.04 
m)  were  assigned  to  exercise  at  either  a  light 
intermittent  (LI)  (N  =  4),  light  continuous 
(LC)  (N  =  5),  moderate  continuous  (MC)  (N  = 
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5)  or  heavy  continuous  (HC)  (N  =  5) 
metabolic  rate.  For  groups  LI  and  LC  exercise 
involved  walking  on  a  treadmill  at  4  km-h"^ 
with  a  0%  grade  and  lifting  10  kg  boxes. 
Group  MC  walked  at  4.8  km-h“^  with  a  3% 
grade  and  lifted  15  kg  boxes.  Group  HC 
walked  at  4.8  km-h"l  with  a  7.5%  grade  and 
lifted  20  kg.  Subjects  were  tested  wearing 
three  levels  of  clothing  protection:  combat 
clothing  (Low);  combats  and  a  semi-perme¬ 
able  NBC  overgarment  (Med);  combats  and 
NBC  overgarment,  gloves,  boots  and  respira¬ 
tor  (High).  WIT  was  the  time  until  rectal 
temperature  (Tre)  reached  39.3®C,  heart  rate 
reached  95%  maximum,  dizziness  or  nausea 
precluded  further  exercise,  or  5  h  had 
elapsed.  For  group  LI,  WTT  was  similar  for 
the  low  (137  ±  15  min)  and  medium  (117  ±  9 
min)  levels  of  protection.  WTT  was  signifi¬ 
cantly  reduced  for  High  (67  ±  6  min)  and  Tre 
in  1.7  ±  O.Z'^C-h"^.  For  group  LC,  WTT  was 
greater  for  Low  (91  ±  11  min,  Tre  increased  1.4 
±  0.4'^C-h'^)  compared  with  either  the 
mediinn  (68  ±  7  min,  Tre  increased  1.7  ± 
0.3°C-h"^)  or  high  (55  ±  2  min,  Tre  increased 
2.0  ±  0.4°C-h“^)  levels  of  protection.  For 
group  MC,  WTT  was  greater  for  Low  (51  ±  5 
min,  Tre  increased  1.9  ±  0.2°C-h“^)  compared 
with  High  (35  ±  2  min,  Tre  increased  2.5  ± 
0.2'^C-h”^)  but  WTT  for  both  of  these  levels  of 
protective  clothing  were  not  different  from 
Med  (44  ±  2  min,  Tre  increased  2.5  ±  0.50'^C-h" 
^).  Finally,  for  group  HC,  WTT  was  signifi¬ 
cantly  reduced  from  Low  (43  ±  6  min,  Tre  in¬ 
creased  2.4  ±  0.4°C-h“^)  to  Med  (32  ±  6  min, 
Tre  increased  2.6  ±  0.3°C-h“^)  and  to  High  (25 
±  3  min,  Tre  increased  3.0  ±  0.2°C*h"l).  The 
logarithm  of  WTT  was  directly  proportional 

to  the  average  metabolic  rate  ( VO2  (mL-kg" 
l,min“l))  for  Low  (Log(WTT)  =  2.403  - 
0.0365-  VO2,  r  =  0.90),  Med  (Log(WTT)  = 

2.282  -  0.0318-  VO2,  r  =  0.89)  and  High 

(Log(WTT)  =  2.191  0.0310-  VO2,  r  =  0.95).  If 
the  metabolic  rate  of  a  task  is  known,  these 
relationships  can  be  used  to  calculate  work  to 
rest  schedules  that  may  prolong  work  time  in 


the  three  levels  of  NBC  protective  clothing 
at  40°C  and  50%  relative  humidity. 


McLellan,  T.  M.  (1991).  The  influence  of 
respiratory  acidosis  on  the  exercise  blood 
lactate  response.  Ear.  /.  Appl.  Physiol,  63,  6- 
11. 

Abstract  The  purpose  of  the  present 

study  was  to  examine  the  influence  of  a  respi¬ 
ratory  acidosis  on  the  blood  lactate  (La) 
threshold  and  specific  blood  La  concentra¬ 
tions  measured  during  a  progressive  incre¬ 
mental  exercise  test.  Seven  males  performed 
three  step-incremental  exercise  tests  (20 
W-min"^)  breathing  the  following  gas  mix¬ 
tures;  21%  02  balance-nitrogen,  and  21%  02, 
4%  C02  balance-nitrogen  or  balance-helium. 
The  log-log  transformation  of  La  oxygen  con¬ 
sumption  (VO2)  relationship  and  a  1  . 

mmoM’^  increase  above  resting  values  were 
used  to  determine  a  La  threshold.  Also,  the 

V02>  corresponding  to  a  La  value  of  2  (La2) 

and  4  (La4)  mmol-r^  was  determined. 
Breathing  the  hypercapnic  gas  mixtures  sig¬ 
nificantly  increased  the  resting  partial  pres¬ 
sure  of  carbon  dioxide  (P  C02)  from  5.6  kPa 
(42  mmHg)  to  6.1  kPa  (46  mmHg)  and  de¬ 
creased  pH  from  7.395  to  7.366.  During  the  in¬ 
cremental  exercise  test,  P  C02  increased  sig¬ 
nificantly  to  7.2  kPa  (54  mmHg)  and  6.8  kPa 
(51  mmHg)  for  the  hypercapnic  gas  mixtures 
with  nitrogen  and  helium,  respectively,  and 
pH  decreased  to  7.194  and  7.208.  In  contrast, 
blood  P  C02  decreased  to  4.9  kPa  (37  mmHg) 
at  the  end  of  the  normocapnic  exercise  test 
and  pH  decreased  to  7.291.  A  blood  La 
threshold  determined  from  a  log-log  trans¬ 
formation  [1.20  (0.28)  l-min~l]  or  as  an  in¬ 
crease  of  1  mmoM"^  [1.84  (0.46)  1-min"^]  was 
unaffected  by  the  acid-base  alterations. 

Similarly,  the  VO2,  corresponding  to  La2 
and  La4  was  not  affected  by  breathing  the 

-I 

hypercapnic  gas  mixtures  [2.12  (0.46)  l-min'^ 
and  2.81  (0.52)  l-min'^,  respectively].  Blood 
La  values  were  reduced  significantly  at  max- 
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imal  exercise  while  breathing  the  hyper¬ 
capnic  gas  mixtures  (5.72  ±  1.34  mmoM"^) 
compared  with  the  normocapnic  test  (6.96  ± 
1.14  mmoM"^).  It  is  concluded  that  respira¬ 
tory-induced  acid-base  manipulations  due  to 
the  inspiration  of  4%  C02,  have  a  negligible 
influence  on  the  blood  La  response  during  a 
progressive  exercise  test  at  low  and  moderate 
power  outputs.  Lower  blood  La  values  are  ob¬ 
served  at  maximal  exercise  with  an  induced 
respiratory  acidosis  but  this  negative  influ¬ 
ence  is  less  than  what  has  been  reported  for 
an  induced  metabolic  acidosis. 


McLeUan,  T.  M.,  &  Jacobs,  1.  (1991).  Muscle 
glycogen  utilization  and  the  expression  of 
the  relative  exercise  intensity.  Int.  }.  Sports 
Med,,  12,  21-26. 

Abstract  Previous  research  has  shown 

that  the  rate  of  muscle  glycogen  utilization 
is  related  to  exercise  intensity  expressed  rel¬ 
ative  to  maximal  aerobic  power 

(7o  VO2  max).  The  purpose  of  this  study 
was  to  compare  the  relationship  between 

glycogen  utilization  and  %  VO2  max  to  that 
between  glycogen  utilization  and  intensity 
expressed  relative  to  the  onset  of  blood  lac¬ 
tate  accumulation  (7oOBLA)  during  cycle  ex¬ 
ercise.  It  was  hypothesized  that  the  rate  of 
glycogen  utilization  would  be  related  more 
closely  to  intensity  expressed  as  7oOBLA 

than  to  intensity  expressed  as  7o  VO2  max. 
Nineteen  subjects  (15  males  and  4  females) 
performed  two  separate  tests  to  determine 

VO2  max  and  OBLA  during  continuous  in¬ 
cremental  exercise.  On  a  third  occasion  biop¬ 
sies  were  taken  from  the  m.  vastus  lateralis 
before  and  after  30  min  of  exercise  at  ran¬ 
domly  assigned  intensities  ranging  from  50- 

807o  VO2  max ,  corresponding  to  67-117% 
OBLA.  There  was  a  large  inter-subject  vari¬ 
ation  in  aerobic  fitness  with  VO2  max  rang¬ 
ing  from  34  to  66  mL-kg"^*min"^  and  OBLA 
ranging  from  64-847o  VO2  max .  Absolute 


VO2  max.  and  the  VO2  at  OBLA  were  cor¬ 
related  strongly  (r  =  0.90).  The  change  in 
glycogen  concentration  during  the  30-min  ex¬ 
ercise  bout  ranged  from  an  increase  of  58  to  a 
depletion  of  200  mmol  glucose  units*kg“^  dry 
muscle  weight.  Neither  absolute  nor  rela¬ 
tive  glycogen  utilization  was  significantly 
related  to  the  exercise  intensity  expressed  as 

either  %V02max  or7oOBLA.  Stepwise 
multiple  regression  was  used  to  identify 
variables  which  could  account  for  the  varia¬ 
tion  in  glycogen  depletion.  From  among  indi¬ 
cators  of  aerobic  fitness  ( VO2  max,  OBLA) 
and  exercise  intensity  (7o  VO2  max, 

%OBLA,  absolute  VO2  during  exercise), 

VO2  max  (mL-kg“^-min"^)  was  the  only 
variable  which  accounted  for  a  significant 
amount  of  the  intersubject  variation  in  glyco¬ 
gen  depletion  (r  =  -0.56).  The  hypothesis 
was  not  accepted  and  the  results  suggest  that 
the  extent  of  muscle  glycogen  depletion 
among  subjects  of  different  sex  and  varied  fit¬ 
ness  levels  cannot  be  predicted  accurately 
from  the  relative  expression  of  exercise  in¬ 
tensity. 


McLellan,  T.  M.,  Meunier,  P.,  &  Livingstone, 
S.  (1991).  Influence  of  a  new  vapour 
protective  clothing  layer  on  physical  work 
tolerance  times  at  40  deg  C  ambient 
temperature,  (DCIEM  91-35).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  A  new  vapour  protective 

clothing  ensemble  is  under  development  at 
the  Defence  Research  Establishment 
Ottawa.  This  clothing  is  thinner  and  more 
close-fitting  to  the  body  than  the  present  nu¬ 
clear,  biological  and  chemical  (NBC)  protec¬ 
tive  garment.  The  purpose  of  the  present 
study  was  to  examine  the  influence  of  this 
new  vapour  protective  clothing  on  physical 
work  performance  in  a  hot  environment  (40°C 
and  25%  relative  humidity).  Eleven  imac- 
climatized  males  (28  ±  6  y,  79  ±  8  kg,  1.76  ± 
0.06  m)  were  assigned  to  exercise  at  either  a 
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light  intermittent  (L)  (N  =  6),  or  heavy  con¬ 
tinuous  (H)  (N  =  5)  metabolic  rate.  Group  L 
alternated  between  15  min  of  walking  on  a 
treadmill  at  1.11  m-s"^  with  a  0%  grade  and 
15  min  of  rest.  Group  H  walked  continuously 
at  1.33  m-s"^  with  a  3%  grade.  Subjects  were 
tested  wearing  three  clothing  configurations: 
full  NBC  protection  (TOPP  High)  with  the 
combat  clothing  worn  under  the  NBC  garment 
(TH  +  CC);  full  NBC  protection  without  com¬ 
bat  clothing  (TH  -  CC);  the  new  vapour  pro¬ 
tective  clothing  together  with  the  NBC 
gloves,  boots  and  respirator  (NPC).  WTT 
was  the  time-period  until  rectal  temperature 
(Tre)  reached  39.3°C,  heart  rate  reached  95% 
maximum,  dizziness  or  nausea  precluded  fur¬ 
ther  exercise,  or  3  h  had  elapsed.  For  group 
L,  WTT  was  similar  for  TH  +  CC  (113  ±  12 
min)  and  TH  -  CC  (139  ±  18  min).  WTT  was 
significantly  increased  for  NPC  where  all 
subjects  completed  the  3  h  in  the  climatic 
chamber.  The  rate  of  increase  for  Tre  was 
significantly  reduced  for  NPC  (0.3  ±  O.l'^C-h' 
^)  compared  with  both  TH  +  CC  (0.9  ± 
0.1°C-h-l)  and  TH  -  CC  (0.8  ±  0.2°C-h-l). 

The  evaporative  efficiency  of  the  new  cloth¬ 
ing  ensemble  (76  ±  4%)  was  also  significantly 
increased  compared  with  both  TH  +  CC  (36  ± 
17%)  and  TH  -  CC  (46  ±  9%).  For  group  H, 
WTT  significantly  increased  from  TH  +  CC 
(46  ±  15  min)  to  TH  -  CC  (60  ±  21  min)  and  to 
NPC  (85  ±  28  min).  The  rate  of  increase  in  Tre 
was  not  different  among  the  three  clothing 
configurations.  Evaporative  efficiency  was 
significantly  different  among  the  three 
clothing  trials  (19  ±  8%,  34  ±  4%  and  57  ±  7% 
for  TH  +  CC,  TH  -  CC  and  NPC,  respec¬ 
tively).  For  both  groups,  mean  skin  tempera¬ 
ture  and  heart  rates  reflected  the  differences 
in  the  evaporative  efficiency  of  the  clothing 
comparisons.  The  results  of  this  experiment 
clearly  show  the  benefits  of  the  new  vapour 
protective  clothing  on  physical  work  perfor¬ 
mance  in  a  hot  environment.  Also,  the  data 
strongly  suggest  that,  if  possible,  the  combat 
clothing  should  not  be  worn  under  the  present 
NBC  garment. 


Tikuisis,  P.,  Bell,  D.  G.,  &  Jacobs,  I.  (1991). 
Shivering  onset,  metabolic  response,  and 
convective  heat  transfer  during  cold  air. 
exposure.  /.  AppL  Physiol,  70,  1996-2002. 

Abstract  The  onset  and  intensity  of 

shivering  of  various  muscles  during  cold  air 
exposure  are  quantified  and  related  to  in¬ 
creases  in  metabolic  rate  and  convective  heat 
loss.  Thirteen  male  subjects  resting  in  a 
supine  position  and  wearing  only  shorts  were 
exposed  to  10®C  air  (42%  relative  humidity 
and  <0.4  m/ s  airflow)  for  2  h.  Measurements 
included  surface  electromyogram  recordings 
at  six  muscle  sites  representing  the  trunk  and 
limb  regions  of  one  side  of  the  body,  tempera¬ 
tures  and  heat  fluxes  at  the  same  contralat¬ 
eral  sites,  and  metabolic  rate.  The  subjects 
were  grouped  according  to  lean  (LEAN,  n  =  6) 
and  average  body  fat  (NORM,  n  =  7)  content. 
While  the  rectal  temperatures  fluctuated 
slightly  but  not  significantly  during  expo¬ 
sure,  the  skin  temperatures  decreased 
greatly,  more  at  the  limb  sites  than  at  the 
trunk  sites.  Muscles  of  the  trunk  region  began 
to  shiver  sooner  and  at  a  higher  intensify 
than  those  of  the  limbs.  The  intensity  of 
shivering  and  its  increase  over  time  of  expo¬ 
sure  were  consistent  with  the  increase  in  the 
convective  heat  transfer  coefficient  calcu¬ 
lated  from  skin  temperatures  and  heat 
fluxes.  Both  the  onset  of  shivering  and  the 
magnitude  of  the  increase  in  metabolic  rate 
due  to  shivering  were  higher  for  the  LEAN 
group  than  for  the  NORM  group.  A  regres¬ 
sion  analysis  indicates  that,  for  a  given  de¬ 
crease  in  mean  skin  temperature,  the  increase 
in  metabolic  rate  due  to  shivering  is  attenu¬ 
ated  by  the  square  root  of  percent  body  fat. 
Thus  ^e  LEAN  group  shivered  at  higher  in¬ 
tensity,  resulting  in  higher  increases  in 
metabolic  heat  production  and  convective 
heat  loss  during  cold  air  exposure  than  did 
the  NORM  group. 
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Tikuisis,  P.,  &  Duchanne,  M.  B.  (1991). 
Finite-element  solution  of  thennal  conduc¬ 
tivity  of  muscle  during  cold  water  immersion. 
/.  Appl  Physiol,  70,  2673-2681. 

Abstract  The  in  vivo  or  effective 

thermal  conductivity  (keff)  of  muscle  tissue 
of  the  human  forearm  was  determined 
through  a  finite-element  (FE)  model  solution 
of  the  bioheat  equation.  Data  were  obtained 
from  steady  state  temperatures  measured  in 
the  forearm  after  3  h  of  immersion  in  water 
at  temperatures  (Tw)  of  15  (n  =  6),  20  (n  =  5), 
an  30°C  (n  =  5).  Temperatures  were  measured 
every  0.5  cm  from  the  longitudinal  axis  of  the 
forearm  to  the  skin  --  9  cm  distal  from  the  el¬ 
bow.  Heat  flux  was  measured  at  two  sites  on 
the  skin  adjacent  to  the  temperature  probe. 
The  FE  model  is  comprised  of  concentric  annu¬ 
lar  compartments  with  boundaries  defined  by 
the  location  of  temperature  measurements. 
Through  this  approach,  it  was  possible  to  in¬ 
clude  both  the  metabolic  heat  production  and 
the  convective  heat  transfer  between  blood 
and  tissue  at  two  levels  of  blood  flow,  one 
perfusing  the  compartment  and  the  other 
passing  through  the  compartment.  Without 
heat  exchange  at  the  passing  blood  flow 
level,  the  arterial  blood  temperature  would 
be  assiimed  to  have  a  constant  value  every¬ 
where  in  the  forearm  muscles,  leading  to  a 
solution  of  the  bioheat  equation  that  greatly 
imderpredicts  keff.  The  extent  of  convective 
heat  exchange  at  the  passing  blood  flow 
level  is  estimated  to  be  -60%  of  the  total 
heat  exchange  between  blood  and  tissue. 
Concurrent  with  this  heat  exchange  is  a  de¬ 
crease  in  the  temperature  of  the  arterial 
blood  as  it  flows  radially  from  the  axis  to 
the  skin  of  the  forearm,  and  this  decrease  is 
enhanced  with  a  lowered  Tw.  The  mean  cal¬ 
culated  value  of  keff  for  muscle  was  0.556 
W*m"l*°C“^,  with  no  significant  difference 
either  among  Tw  values  tested  or  among  re¬ 
gions  within  the  forearm.  Most  of  the  heat 
loss  from  the  forearm  is  determined  to  be  con¬ 
vective  heat  transfer  from  the  blood  to  the 
tissue,  which  decreases  in  magnitude  with 
increasing  Tw  (95.0,  91.6,  and  77.3%  of  the  to¬ 


tal  beat  loss  for  immersions  at  Tw  =  15, 20, 
and  30°C,  respectively). 


Tikuisis,  P.,  McCracken,  D.,  &  Radomski,  M. 
W.  (1991).  Heat  debt  during  cold  air  exposure 
before  and  after  cold  water  immersions.  /. 
Appl  Physiol,  71(1),  60-68. 

Abstract  Acclimation  to  cold  can  man¬ 

ifest  itself  in  several  different  ways,  insula- 
tive  and  metabolic  being  the  most  common. 
Bittel  Q.  Appl.  Physiol.  62:  1627-1634,  1987) 
has  demonstrated  that  heat  debt,  which  en¬ 
compasses  both  heat  production  and  heat 
loss,  can  be  used  as  a  unitary  index  of  accli¬ 
mation.  However,  conflicting  results  are  ob¬ 
tained  if  heat  debt  is  calculated  using  a 
mean-weighted  body  temperature  (Tb)  vs. 
the  change  of  body  heat  content  through  the 
integration  of  heat  storage  (S).  The  present 
study  examines  the  determination  of  heat 
debt  by  three  methods  of  calculation,  the 
first  based  on  and  the  other  two  based  on  S 
where  heat  losses  are  measured  in  one  and 
predicted  in  the  other.  Data  were  obtained 
from  five  healthy  young  males  exposed  to 
lO'^C  air  for  2  h  on  four  different  occasions. 
The  fast  two  exposures  provided  control 
data,  while  the  last  two  were  performed  af¬ 
ter  5  and  10  days,  respectively,  of  daily  im¬ 
mersions  in  15°C  water  to  induce  acclimation. 
The  variability  in  response  between  the  con¬ 
trol  exposures  was  as  large  as  that  among  the 
other  exposures.  Although  the  method  of 
calculation  using  Tb  indicated  that  subjects 
were  close  to  a  thermal  balance  after  2  h  of 
cold  air  exposure,  this  contrasted  sharply 
with  the  result  of  the  other  two  methods 
that  indicated  heat  debt  was  still  increasing 
steadily.  The  latter  two  methods  are  consid¬ 
ered  more'  accurate  for  transient  heat  debt 
calculation.  Although  cases  of  individual 
acclimation  were  foimd,  these  were  different 
among  the  subjects,  resulting  in  pooled  re¬ 
sponses  that  indicated  no  group  acclimation 
by  means  of  any  of  the  three  methods  of  cal¬ 
culation.  It  is  then  demonstrated  that  condi¬ 
tions  exist  where  no  change  in  heat  debt  can 
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mask  actual  changes  in  insiilation  and 
metabolism.  Two  recommendations  that 
emerge  from  this  study  are  that  1)  the  inte¬ 
gration  of  S  should  be  used  to  calculate  heat 
debt  for  non-steady-state  conditions  and  2) 
heat  debt  should  not  be  used  as  the  only  in¬ 
dex  of  acclimation. 


Vallerand,  A.  L.,  Michas,  R.  D.,  Frim,  J.,  & 
Ackles,  K.  N.  (1991).  Heat  balance  of  subjects 
wearing  protective  clothing  with  a  liquid-  or 
air-cooled  vest.  Aviat.  Space  Environ.  Med.^ 
62,  383-391. 

Abstract  The  goals  of  this  study  were, 

first,  to  determine  the  extent  of  the  heat 
strain  induced  by  wearing  the  Canadian 
Forces  (CF)  aircrew  chemical  defence  indi¬ 
vidual  protection  ensemble  (CD  IPE)  under 
simulated  hot  cockpit  conditions,  and  second, 
to  determine  the  effectiveness  of  a  liquid- 
cooled  (LC)  and  an  air-cooled  (AC)  vest  in  re¬ 
lieving  such  heat  strain.  Seven  (7)  healthy 
male  subjects  were  subjected  to  three  heat  ex¬ 
posures  (37°C,  50%  r.h.,  for  150  min,  time- 
weighted  metabolic  rate  of  about  240  W,  1 
week  apart)  either  with  no  cooling  (NC),  LC 
or  AC  vests.  NC  was  only  tolerated  for  95  ±  5 
min,  whereas  all  subjects  completed  the  150- 
min  tests  with  AC  or  LC  (p  <  0.01).  The  large 
rate  of  increase  in  rectal  temperature  (T^.^) 
during  NC  (1.00  ±  0.05°C/h)  was  attenuated 
by  51%  with  LC  and  by  an  even  greater 
amount  with  AC  (64%,  p  <  0.01).  NC  en¬ 
tailed  a  sweat  rate  of  almost  1  kg/h,  which 
was  reduced  38%  by  LC  and  51%  by  AC  (p  < 
0.0  1).  The  combined  dry  and  evaporative 
heat  losses  H^kC 

significantly  greater  than  that  of  NC  (164  ± 
7  and  181  ±  9  vs.  124  ±  9  W,  respectively;  p  < 
0.01).  The  results  demonstrate  that  subjects 
wearing  CF  aircrew  IPE  imder  simulated  hot 
cockpit  conditions  can  only  tolerate  95  min  of 
the  150-min  test,  and  experience  significant 
heat  strain.  In  contrast,  this  heat  strain  is 
significantly  alleviated  by  either  cooling 
vest,  although  greater  improvements  in  Tj.g 
sweat  rate,  heart  rate,  evaporative  effi¬ 


ciency  index,  and  thermal  comfort  were  ob¬ 
served  with  AC,  possibly  the  result  of  its 
slightly  greater  total  cooling  and  three  times 
higher  evaporative  cooling. 


1992 

Bain,  B.,  Jacobs,  L,  &  Buick,  F.  (1992).  Effect 
of  simulated  air  combat  maneuvering  on 
muscle  glycogen  and  lactate.  Aviat.  Space 
Environ.  Med.,  63,  505-509. 

Abstract  Muscle  glycogen  and  muscle 

and  blood  lactate  were  evaluated  before  and 
after  a  +4.0/7.0  Gz  simulated  air  combat  ma¬ 
neuvering  (SACM)  protocol  in  the  human  cen¬ 
trifuge.  The  subjects  were  8  healthy  males, 
age  25-43  y.  Muscle  glycogen  and  lactate  were 
determined  from  biopsies  of  m.  vastus  later¬ 
alis  in  6  subjects  and  whole  blood  lactate  was 
analyzed  in  finger-tip  blood  samples  from  8 
subjects.  G-tolerance  time  was  256  ±  33  s 
(Mean  ±  SEM).  The  decrease  in  glycogen  con¬ 
centration  averaged  81  ±  36  mmol  •  kg~^  dry 
wt.  (p=0.07).  The  rate  of  glycogen  utilization 
was  low,  averaging  0.4  ±  0.1  mmol  •  kg"^  •  s” 
1  .  Muscle  lactate  increased  significantly 
from  28  ±  2  mmol  •  kg’^  dry  wt  pre-SACM  to 
51  +  4  mmol  •  kg"^  post-SACM.  Post-SACM 
blood  lactate  was  4.2  ±  0.3  mmol  •L"^  . 
Neither  final  blood  nor  muscle  lactate  values 
nor  the  difference  between  pre  and  post 
SACM  muscle  lactate  concentrations  were  re¬ 
lated  to  G-tolerance  time.  It  was  concluded 
that  glycogen  availability  in  m.  vastus  lat¬ 
eralis  is  not  a  limiting  factor  during  exposure 
to  headward  acceleration  of  this  type  and 
duration.  The  lactate  values,  while  high, 
cannot  fully  explain  the  muscular  fatigue  oc¬ 
curring  during  centrifuge  exposures  of  the 
type  used  here.  Therefore,  the  suggestion  by 
others  that  anaerobic  energy  metabolism  in 
skeletal  muscles  is  the  crucial  factor  limiting 
the  ability  to  resist  fatigue  during  exposure 
SACM  is  not  supported  and  is  likely  an  over¬ 
simplification  of  a  much  more  complex  prob¬ 
lem. 
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Bain,  B.,  Smith,  A.  W.,  &  Plyley,  M.  J. 

(1992).  Effect  of  varying  rest  intervals  be¬ 
tween  repeated  submaximal  isometric  con¬ 
tractions  on  endurance  time,  EMG  power  spec¬ 
trum  and  signal  amplitude.  Eur.  J.  Appl. 
Physiol,  (submitted  for  publication). 

Abstract  Nine  subjects  performed  two 

submaximal  (50%  MVC)  isometric  contrac¬ 
tions  to  fatigue  with  the  quadriceps  muscle. 
Rest  periods  of  1, 5, 10  and  30  minutes  inter¬ 
vened  between  the  contractions  and  only-one 
set  of  contractions  was  performed  on  a  given 
day.  EMG  was  monitored  and  recorded  from 
the  vastus  lateralis  muscle.  Force  was  moni¬ 
tored  using  a  force  transducer  and  time  to  fa¬ 
tigue  recorded.  Mean  and  -median  frequency 
and  average,  rectified  amplitude  of  the  EMG 
signal  (AEMG)  calculated  from  the  first, 
middle  and  last  5  seconds  of  each  record. 

The  different  rest  intervals  did  not 
change  the  response  of  the  mean  or  median 
frequency  or  the  absolute  response  of  normal¬ 
ized  AEMG  during  the  second  contraction, 
however,  the  rate  of  change  of  AEMG  was 
significantly  increased  during  contraction  2 
compared  to  contraction  one  for  the  1  and  5 
minute  rest  intervals.  Endurance  time  was 
significantly  reduced  for  the  second  contrac¬ 
tion  for  the  one,  five  and  ten  minute  rest  in¬ 
tervals. 

In  summary,  varying  the  length  of  a 
rest  interval  between  two,  submaximal  iso¬ 
metric  contractions  using  the  quadriceps  mus¬ 
cle,  had  no  effect  on  the  response  of  mean  or 
median  frequency  or  normalized,  average 
EMG  amplitude.  There  was  an  effect  on  the 
rate  of  change  of  AEMG,  however.  The  re¬ 
sults  of  this  study  suggest  that  changes  in 
conventional  EMG  amplitude  and  frequency 
parameters  may  not  always  adequately  re¬ 
flect  physiological  changes  during  muscular 
exercise.  Examining  the  rate  of  change  of 
these  variables  may  prove  more  informative. 


Bain,  B.,  &  VaUerand,  A.  L.  (1992).  Limb 
blood  flow  and  aircrew  CD  ensembles  in  the 
heat  with  and  without  cooling.  Aviat.  Space 
Environ.  Med.,  63(4),  267-272. 

Abstract  The  effect  of  auxiliary  air 

cooling  on  endurance  time  and  limb  blood 
flow  in  the  heat  (37°C,  50%  r.h.,  target  time 
=  150  min)  while  wearing  aircrew  chemical 
defense  (CD)  ensembles  was  examined.  Eight 
males  were  dressed  in  aircrew  CD  ensembles 
with  or  without  an  air-cooled  vest.  After  an 
initial  10  min  treadmill  walk  and  20  min  of 
seated  rest,  the  subjects  alternately  rested 
and  exercised  on  a  cycle  ergometer  (10  min 
rest,  10  min  exercise)  resulting  in  an  overall 
metabolic  rate  of  240  W.  Arm  and  leg  blood 
flow  (ABF,  LBF),  determined  by  venous  ac- 
cluion  plethysmography,  were  significantly 
lower  with  air  cooling  (AC)  than  with  no 
cooling  (NC)  during  the  same  time  period  (p 
<  0.05).  Endurance  time  was  much  greater 
with  AC  than  with  NC  (150  min  AC  vs.  92  ± 
0.08  min  NC,  p  <  0.01).  Arm  and  calf  skin 
temperatures,  rectal  temperature  and  heart 
rate  were  all  significantly  lower  with  AC 
than  with  NC  (p  <  0.05)  after  the  onset  of 
the  cycle  exercise.  The  results  show  that  the 
use  of  the  air-cooled  vest  xmder  these  condi¬ 
tions  was  able  to  increase  heat  tolerance  and 
reduce  blood  flow  to  the  periphery. 


Bell,  D.  G.,  &  Jacobs,  1.  (1992).  Blood  lactate 
response  to  the  Canadian  Aerobic  Fitness 
Test  in  Females.  Can.  J.  Spt.  Sci.,  17, 148-151. 

Abstract  This  study  evaluated  the 

blood  lactate  (LA)  response  to  the  Canadian 
Aerobic  Fitness  Test  (CAFT)  in  female  sub¬ 
jects  and  compared  the  strength  of  prediction 

of  VO2  max  determined  by  LA  and  heart 
rate  (HR).  The  sample  was  98  Canadian 
Forces  females  between  the  ages  of  18  and  45 
years.  The  LA  concentration  after  each  stage 
of  the  step  test  was  measured  in  all  subjects 
by  sampling  blood  from  the  finger-tip. 

VO2  max  was  measured  directly  during  a 
maximal  treadmill  run  in  66  of  these  subjects. 
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The  results  showed  that  increasing  stages  of 
the  step  test  were  associated  with  increasing 
LA.  The  correlation  between  LA  after  stage  5 
of  the  step  test  and  the  directly  determined 

VO2  max  was  r=-0.72,  and  was  not  signifi¬ 
cantly  different  from  the  correlation  between 

HR  and  V02max  (r=-0.66).  The  relation¬ 
ship  between  LA  and  VO2  max  for  these 
females  was  similar  to  the  relationship  es¬ 
tablished  earlier  for  males;  however,  the 

correlation  between  HR  and  VO2  max  for 
the  females  was  different  than  that  ob¬ 
served  in  the  males.  The  present  data  for  the 
females  suggest  that  LA  and  HR  after  stage  5 

of  the  CAFT  predict  VO2  max  equally  well 
for  females  under  age  40. 


Bell,  D.  G.,  &  Jacobs,  I.  (1992).  Velocity 
specificity  of  training  in  body  builders.  Can. 

}.  Spt.  Set,  17(1),  28-33. 

Abstract  This  study  investigated  the 

effects  of  many  years  of  body  building  on  mus¬ 
cular  strength  and  endurance.  Eight  body¬ 
builders  (BB),  four  males  and  four  females, 
and  eight  controls  (C),  four  males  and  four 
females,  performed  a  muscle  fatigue  test 
(MFT)  consisting  of  25  maximal  leg  extensions 
at  angular  velocities  of  180°/s  and  300°/s. 

The  results  showed  for  strength  that  at  both 
the  slow  and  fast  contraction  speeds  BB  were 
significantly  stronger  than  C  and  males  were 
significantly  stronger  than  the  females.  For 
muscular  endurance  the  results  showed  at  the 
slow  contraction  speed  that  the  torques  and 
the  torque  decline  were  greater  in  the  BB 
than  the  C  and  greater  in  the  males  than  the 
females.  At  the  faster  contraction  speed 
torque  decline  was  similar  in  all  groups, 
while  torques  for  the  BB  and  male-C  were 
similar  and  significantly  greater  than  the 
torques  for  the  female-C.  The  ratio  of  torques 
(fast/slow)  for  both  strength  and  muscular 
endurance  showed  a  main  effect  due  to  train¬ 
ing  status  which  supported  the  velocity 
specificity  hypothesis.  However,  when  the 


relative  torques  over  the  25  contractions  at 
both  speeds  were  looked  at  no  velocity  speci¬ 
ficity  occurred  for  muscular  endurance.  The 
data  suggest  a  definite  velocity  specificity 
for  the  strength  factor  in  BB;  whereas,  the 
same  conclusion  is  not  as  clear  for  the  muscu¬ 
lar  endurance  factor. 


Bell,  D.  G.,  Lee,  S.  W.,  &  Jacobs,  I.  (1992). 
Blood  lactate  response  to  the  Canadian 
Aerobic  Fitness  Test  (CAFT).  Can.  J.  Spt.  Scz., 
17(1),  14-18. 

Abstract  This  study  evaluated  the 

blood  lactate  (LA)  response  to  stepping  exer¬ 
cise,  specifically  the  CAFT.  It  also  com¬ 
pared  the  ability  of  lactate  (LA)  and  heart 
rate  (HR)  at  a  given  stage  of  the  step  test  to 

predict  directly  measured  VO2  max.  137 
male  CF  personnel  between  the  ages  of  18  and 
53  years  participated  in  this  study.  The  LA 
concentration  after  each  stage  of  the  CAFT 
was  measured  in  aU  subjects  by  sampling 
blood  from  the  finger-tip.  78  of  these  subjects 

also  had  their  VO2  max  measured  directly 
during  a  maximal  treadmill  rim.  The  analy¬ 
sis  showed  that  increasing  stages  of  the 
CAFT  were  associated  with  exponentially 
increasing  LA.  When  the  LA  and  HR  mea¬ 
sures  at  stage  five  of  the  step  test  were  com¬ 
pared  for  their  ability  to  predict  VO2  max, 
the  correlation  between  lactate  and 

VO2  max  was  -0.71  (p<.001),  between  HR 

and  VO2  max  it  was  -0.36  (p<.01).  At  stage 
5,  [LA]  ranged  from  1.0  to  6.9,  with  a  mean  of 
2.6  mmol"^.  These  results  suggest  that  during 
stage  5  of  the  CAFT,  LA  is  a  better  predictor 

of  VO2  max  than  HR. 


Bell,  D.  G.,  Tikuisis,  P.,  &  Jacobs,  I.  (1992). 
Relative  intensity  of  muscular  contraction 
during  shivering.  /.  Appl.  Physiol,  72,  2336- 
2342. 
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Abstract  The  intensity  of  cold-induced 
shivering,  quantified  by  surface  electromyog¬ 
raphy  (EMG)  and  then  expressed  as  a  func¬ 
tion  of  the  maximal  myoelectrical  activity 
(lEMG)  obtained  during  a  maximum  volun¬ 
tary  contraction  (MVC),  was  examined  in 
this  study  in  individuals  classified  by  body 
fat.  In  addition  the  relationship  between 
shivering  and  metabolic  rate  (MR),  and  the 
relative  contribution  of  various  muscle  groups 
to  total  heat  production  were  studied.  Ten 
semi-nude  male  voltmteers,  5  LEAN,  less 
than  11%  body  fat,  and  5  NORM,  greater 
than  15%  body  fat,  were  exposed  to  10°C  air 
for  2  h.  EMG  of  six  muscle  groups,  the  pec- 
toralis  major  (PE),  rectus  abdominus  (AB), 
rectus  femoris  (FE),  gastrocnemius  (GA),  bi¬ 
ceps  brachii  (BI)  and  brachioradialis  (BR) 
was  measured  and  compared  with  the  EMG 
of  each  muscle's  MVC.  A  whole  body  index  of 
shivering  (SUM),  determined  from  the  mass- 
weighted  intensity  of  shivering  of  each  mus¬ 
cle  group,  was  correlated  with  MR.  After  the 
initial  few  minutes  of  exposure  only  the  PE, 
FE,  and  BI  continued  to  increase  their  inten¬ 
sity  of  shivering.  Shivering  intensity  was 
higher  in  the  central  muscles  ranging  from  5 
to  16%  of  MVC  compared  with  the  periph¬ 
eral  muscles  which  ranged  from  1  to  4%  of 
MVC.  Shivering  intensities  were  similar  in 
the  peripheral  muscles  for  the  LEAN  and 
NORM  groups,  while  differences  occurred  m 
the  trunk  muscles  for  the  PE  and  AB.  SUM 
correlated  significantly  with  each  individu¬ 
al's  increase  in  MR  (r  =  0.63  to  0.97).  •  It  was 
further  estimated  that  71%  of  the  heat  pro¬ 
duction  originated  from  the  central  muscles  of 
the  trunk  followed  by  21%  attributed  to  the 
FE  while  the  smaller  muscle  masses  of  the 
upper  limbs  and  lower  leg  contributed  the 
remaining  8%.  The  results  suggest  that  the 
observed  pattern  and  intensity  of  shivering 
minimizes  heat  loss  and  optimizes  heat  pro¬ 
duction  during  cold  exposure. 


Ducharme,  M.  B.  (1992).  Testing  of  the 
Cocoon-4  sleeping  shelter.  (DCIEM  92-45). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  objective  of  the  present 

study  was  to  evaluate  the  performance  of  a 
new  concept  of  sleeping  shelter,  the  Cocoon-4, 
in  the  field  and  in  the  laboratory,  and  under 
different  temperature  and  humidity  condi¬ 
tions  that  could  be  encountered  by  the 
Canadian  Forces.  It  was  found  that  the  con¬ 
cept  of  adding  air  to  an  airtight  down  sleep¬ 
ing  shelter  to  vary  the  insulation  while 
keeping  the  down  dry  works  well.  Some 
problems  with  the  quality  of  construction  and 
the  design  of  some  critical  components  such  as 
the  valves  were  observed  which  made  the 
performance  of  the  Cocoon-4  less  impressive 
than  expected  from  the  claims  made  by  the 
manufacturer.  It  was  concluded  that  the 
Cocoon-4  could  be  useful  for  the  Canadian 
Forces  as  emergency  shelter  providing  the 
manufacturer  could  improve  on  the  quality  of 
his  product,  and  could  add  some  modifica¬ 
tions  to  the  design. 


Ducharme,  M.  B.,  &  Frim,  J.  (1992).  Errors 
associated  with  the  use  of  heat  flow 
transducers.  In  R.  Y.  Nishi  (Ed.),  Proceedings 
of  the  DCIEM  Diver  Thermal  Protection 
Workshop,  31  Jan  -  2  Feb  1989,  DCIEM  No. 
92-10,  (pp.  213-217).  North  York,  Ontario: 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  direct  assessment  of  heat 

flux  from  the  body  is  a  basic  measurement  in 
thermal  physiology.  Heat  flux  transducers 
(HFTs)  are  being  used  increasmgly  for  that 
purpose  under  different  environmental  condi¬ 
tions.  However,  questions  have  been  raised 
regarding  the  accuracy  of  the  manufacturer's 
constant  of  calibration,  and  also  about  the  ef¬ 
fect  of  the  thermal  resistance  of  the  device 
on  the  true  thermal  flux  from  the  skin.  Two 
different  types  of  waterproofed  HFTs  were 
checked  for  their  calibration  using  the 
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Rapid-K  heat  flow  meter  conductivity  in¬ 
strument.  The  mean  difference  between  the 
re  calibrations  and  the  manufacturer's  con¬ 
stants  is  +20.2+7.1%  (n=15)  for  Thermonetics 
Corporation's  HFTs  (San  Diego,  CA),  and 
-0.7±4.8%  (n=12)  for  Concept  Engineering's 
HFTs  (Old  Saybrook,  CT).  The  significant 
difference  in  the  error  of  calibration  between 
the  two  manufacturers  (p<0.001)  becomes  an 
important  criterion  for  the  selection  of  HFTs. 
A  model  capable  of  simulating  a  large  range 
of  insulation  values  (variable-R  model)  was 
used  in  order  to  study  the  effect  of  the  under¬ 
lying  tissue  insulation  on  the  relative  error  in 
thermal  flux  due  to  the  thermal  resistance  of 
the  HFTs.  The  data  show  that  the  devia¬ 
tion  from  the  true  value  of  thermal  flux  in¬ 
creases  with  the  reciprocal  of  the  underlying 
tissue  insulation  (r=0.99,  p<0.001).  The  xm- 
derestimation  of  the  heat  flux  through  the 
skin  measured  by  a  HFT  is  minimum  when 
the  device  is  used  on  vasoconstricted  skin  in 
cool  subjects  (3  to  13%  error),  but  becomes  im¬ 
portant  when  used  on  warm  vasodilated  sub¬ 
jects  (28  to  42%  error),  and  even  more  impor¬ 
tant  on  metallic  skin  mannequins  (>60%  er¬ 
ror).  In  order  to  optimize  the  accuracy  of  the 
heat  flow  measurements  by  heat  flux  trans¬ 
ducers,  it  is  important  to  recalibrate  the 
HFTs  from  Thermonetics  Corporation  and  to 
correct  the  heat  flux  values  for  the  thermal 
resistance  of  the  HFT  when  used  on  vasodi¬ 
lated  tissue. 


Ducharme,  M.  B.,  &  Tikuisis.,  P.  (1992). 
Forearm  temperature  profile  during  the  tran¬ 
sient  phase  of  thermal  stress.  Eiir,  /.  Appl, 
Physiol,  64,  395-401. 

Abstract  The  transient  temperature 

response  of  the  resting  human  forearm  im¬ 
mersed  in  water  at  temperatures  (Tw)  rang¬ 
ing  from  15  to  36°C  was  investigated.  Tissue 
temperature  (Tt)  was  continuously  monitored 
by  a  calibrated  multicouple  probe  during  the 
3  h-immersions.  Tt  was  measured  every  5 
mm,  from  the  longitudinal  axis  of  the  fore¬ 
arm  to  the  skin  surface.  Skin  temperature 


(Tsk),  rectal  temperature  (Tre),  and  blood 
flow  (Q)  were  also  measured  during  the  im¬ 
mersions.  The  maximum  rate  of  change  of  the 
forearm  mean  tissue  temperature  (Ttmax)  oc¬ 
curred  during  the  first  5  min  of  the  immer¬ 
sion.  Ttmax  was  Hnearly  dependent  on  Tw  (p 
<  0.001),  ranging  from  -0.8  ±  0.1°C*min“^  at 
15°C  to  0.2  ±  0.1^C-min‘l  at  36°C.  The  maxi¬ 
mum  rate  of  change  of  compartment  mean 
temperature  (Ttmax  )  was  dependent  (p  < 
0.001)  on  the  radial  distance  from  the  longi- 
tudiaal  axis  of  the  forearm.  The  half-time 
for  thermal  steady-state  of  the  forearm 
mean  tissue  temperature  (Til/2)  was  linearly 
dependent  on  Tw  between  30  and  36°C  (p  < 
0.01),  ranging  from  15.6  ±  0.6  mm  at  30°C  to 
9.7  +1.2  min  at  36°C  and  not  different  be¬ 
tween  15  and  30°C,  averaging  16.2  +  0.6  min. 
There  was  a  significant  linear  relationship 
between  the  half-time  for  thermal  steady- 
state  of  the  compartment  mean  temperature 
(Til/2)  and  the  radial  distance  from  the  lon¬ 
gitudinal  axis  of  the  forearm  for  each  water 
condition  tested  (p  <  0.001).  The  data  of  the 
present  study  suggest  that  the  forearm  blood 
flow  is  an  important  determinant  of  the  tran¬ 
sient  thermal  response  of  the  forearm  tissue 
during  thermal  stress. 


Frim,  J.,  Heslegrave,  R.,  Bossi,  L.,  & 
Popplow,  J.  (1992).  Thermal  strain  in  F-18 
pilots  during  sustained  chemical  defence  op¬ 
erations.  In  W.  A.  Lotens  &  G.  Havenith. 
(Ed.),  Proceedings  of  the  5th  International 
Conference  on  Environmental  Ergonomics, 

(pp.  96-97).  Maastricht,  The  Netherlands: 
TNO  Institute  for  Perception. 

Abstract  Chemical  defence  (CD)  gar¬ 

ments  add  insulation  to  the  body  and  inter¬ 
fere  with  heat  dissipation.  This,  combined 
with  possible  environmental  stress  in  a  cock¬ 
pit,  can  lead  to  unacceptable  levels  of  ther¬ 
mal  strain  in  aircrew.  The  present  study  was 
undertaken  to  evaluate  thermal  physiologi¬ 
cal  strain  in  F-18  pilots  during  CD  operations 
in  warm  weather.  Three  primary  pilots 
dressed  in  CD  garments  and  3  safety  pilots 
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dressed  in  standard  (STD)  clothing  flew  7 
missions  over  3  days;  during  the  next  week 
they  reversed  roles.  Portable  physiological 
monitors  were  used  to  record  rectal  tempera¬ 
ture  (Tre)  and  heart  rate  (HR)  data  during 
flight.  Environmental  conditions  on  the 
groimd  and  in  the  cockpit  were  also  recorded. 
Cockpit  temperatures  during  the  first  week 
sometimes  exceeded  40°C  dry  bulb  tempera¬ 
ture  and  were  the  hottest  environmental 
temperatures  to  which  pilots  were  exposed 
throughout  the  day.  Ambient  temperatures 
were  somewhat  cooler  during  the  second 
week.  Tre  rose  nearly  0.5°C  during  flight  in 
CD  gear  in  both  weeks,  particularly  in  re¬ 
sponse  to  physical  activity,  but  dropped  no¬ 
ticeably  during  rest  periods  between  flights. 
By  comparison,  Tre  in  STD  gear  rose  only 
about  0.1°C.  HR  and  other  physiological  pa¬ 
rameters  supported  the  increase  in  thermal 
strain  in  CD  vs  STD  garments.  It  is  concluded 
that  wearing  CD  garments  during  simulated 
CD  operations  resulted  in  noticeable  but  tol¬ 
erable  thermal  physiological  strain.  Hotter 
ambient  conditions  combined  with  real  CD 
operations  could,  however,  lead  to  unaccept¬ 
able  levels  of  strain  and  concomitant  decre¬ 
ments  in  performance. 


Frim,  J.,  &  Morris,  A.  (1992).  Evaluation  of 
personal  cooling  systems  in  conjunction  with 
explosive  ordnance  disposal  suits,  (DCIEM 
92-31).  Defence  &  Civil  Institute  of 
Environmental  Medicine. 

Abstract  This  study  examined  the  ca¬ 

pabilities  of  three  technologies  (a  liquid 
cooled  imdergarment,  a  thickly-ribbed  vest 
of  hydrophylic  nylon,  and  an  air  vest)  to  al¬ 
leviate  thermal  strain  in  personnel  working 
in  Explosives  Ordnance  Disposal  (EOD) 
clothing  imder  environmental  conditions  of 
18°C  @  40%  relative  humidity  (rh),  34°C  @ 
40%  rh,  and  34°C  @  80%  rh.  Simulated  EOD 
tasks  consisted  of  treadmill  walking  (10 
min),  unstacking/ carrying/ stacking 
weighted  boxes  (10  min),  and  a  rest  period 
(15  mm)  with  the  EOD  helmet  and  jacket 


removed,  repeated  for  a  target  duration  time 
of  90  min.  Physiological  data  included  rectal 
temperature,  skin  temperature,  heart  rate, 
sweat  production  and  evaporation,  metabolic 
rate,  and  subjective  evaluations  of  thermal 
comfort  and  perceived  exertion.  The  results 
indicated  that  wearing  the  EOD  suit  pro¬ 
duces  significant  increases  in  thermal  physi¬ 
ological  strain  over  performing  the  same 
tasks  in  a  standard  station  uniform. 

However,  the  liquid-cooled  Exotemp®  per¬ 
sonal  cooUng  system  was  very  effective  in  re¬ 
ducing  that  strain  during  heat  exposure. 
Rectal  temperatures,  heart  rates  and  fluid 
losses  (dehydration)  were  reduced  back  to 
values  comparable  to  those  when  not  wearing 
the  EOD  suit,  while  skin  temperatures  were 
actually  lower  with  the  cooling  system  than 
with  only  the  station  uniform.  Subjects  indi¬ 
cated  reduced  perceived  exertion  levels  and 
improved  thermal  comfort  when  wearing  the 
liquid-cooled  garment  with  the  EOD  suit.  In 
contrast,  the  ribbed  vest  and  air  vest  showed 
no  significant  benefits  with  the  EOD  suit  It 
is  concluded  that  the  increase  in  thermal 
physiological  strain  resulting  from  wearing 
the  EOD  suit  during  EOD  work  in  hot  envi¬ 
ronments  can  effectively  be  minimized  by  use 
of  the  Exotemp®  personal  cooling  system. 


Jacobs,  I.,  Prusaczyk,  W.  K.,  &  Goforth  Jr.,  H. 
W.  (1992).  Muscle  Glycogen,  Fiber  Type, 
Aerobic  Fitness,  and  Anaerobic  Capacity  of 
West  Coast  U,S.  Navy  Sea-Air-Land 
Personnel  (SEALs),  (NHRC  No.  92-10). 
Naval  Health  Research  Center. 

Abstract  Thirty-eight  U.S.  Navy 
Sea-Air-Land  personnel  (SEALS)  partici¬ 
pated  in  aerobic  fitness  and  maximal  anaero¬ 
bic  capacity  tests  on  a  cycle  ergometer.  Lactic 
acid  concentration  was  measured  in  blood 
samples  collected  during  the  aerobic  fitness 
test.  Thirty-six  subjects  had  biopsies  taken 
from  the  vastus  lateralis  muscle  after  record¬ 
ing  prior  dietary  intake  and  physical  activ¬ 
ity.  The  biopsy  results  showed  fliat  SEALs 
had  a  mean  (±  SD)  of  55%  (±  12)  fast  twitch 
muscle  fiber  type.  The  muscle  samples  had  a 
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mean  glycogen  concentration  of  404  (±  124) 
mmol  kg'^.  Dietary  carbohydrate  intake 
over  the  two  days  preceding  the  biopsy  was 
significantly  (p  <  0.01)  correlated  with  ex¬ 
tant  muscle  glycogen  concentration.  The  re¬ 
sults  of  the  biopsy  indicate  that  SEALs  have 
an  unremarkable  fiber  type  composition  (55% 
+ 12%  fast  twitch)  and  a  muscle  glycogen  con¬ 
centration  (404  ±  128  mmol  •  kg'^)  that  may 
put  them  at  risk  of  insidious  glycogen  deple¬ 
tion  over  successive  deployment  days.  Muscle 
glycogen  concentration  was  significantly  (p  < 
0.01)  correlated  with  prior  two-day  dietary 
carbohydrate  intake  normalized  for  body 
weight  (n  =  21;  r  =  0.63).  The  blood  lactate 
concentration  during  submaximal  exercise 
suggests  that  SEALs'  aerobic  fitness  was 
somewhat  lower  than  expected  for  elite  mil¬ 
itary  personnel,  approximately  equal  to  that 
of  male  college  physical  education  students. 
The  anaerobic  capacity  tests  indicate  that 
SEALs  demonstrate  only  moderate  anaerobic 
fitness.  Overall,  the  results  of  this  study  sug¬ 
gest  that  SEALs  would  benefit  from:  a)  in¬ 
creasing  carbohydrate  intake  to  enhance  pre- 
mission  muscle  glycogen  concentrations  (e.g., 
through  dietary  carbohydrate  supplementa¬ 
tion);  and  b)  engaging  in  combined  aerobic 
and  anaerobic  training  programs  that  use  es¬ 
tablished  scientific  principles  governing  the 
implementation  of  mode  specificity,  fre¬ 
quency,  intensity,  and  duration  of  exercise. 


Keith,  S.  P.,  Jacobs,  I.,  &  McLellan,  T.  (1992). 
Adaptations  to  training  at  the  individual 
anaerobic  threshold.  Eur.  J.  Appl.  Physiol, 
65,  316-323. 

Abstract  The  individual  anaerobic 

threshold  (Th^n)  is  the  highest  metabolic 
rate  at  which  blood  lactate  concentrations 
can  be  maintained  at  a  steady-state  during 
prolonged  exercise.  The  purpose  of  this  study 
was  to  test  the  hypothesis  that  training  at 
the  Th^  would  cause  a  greater  change  in  in¬ 
dicators  of  training  adaptation  than  would 
training  "aroimd"  the  Th^^^.  Three  groups  of 
subjects  were  evaluated  before,  and  again  af¬ 


ter  4  and  8  weeks  of  training:  a  control  group, 
a  group  which  trained  continuously  for  30  min 
at  the  Th^j^  intensity  (SS),  and  a  group 
(NSS)  which  divided  the  30  min  of  training 
into  7.5-min  blocks  at  intensities  which  al¬ 
ternated  between  being  below  the  Th^ 

[Thaj^  -  30%  of  the  difference  between  Th^j^ 
and  maximal  oxygen  consumption 
( VO2  max)]  and  above  the  Th^j^  (Than  + 
30%  of  the  difference  between  Th^  and 

VO2  max.  The  VO2  max  increased  signifi¬ 
cantly  from  4.06  to  4.27  l*min“^  in  SS  and  from 
3.89  to  4.06  l-min“^  in  NSS.  The  power  output 
(W)  at  Th^j^  increased  from  70.5  to  79.8% 

VO2  max  in  SS  and  from  71.1  to  80.7% 

VO2  max  in  NSS.  The  magnitude  of  change 

in  VO2  max,  W  at  Th^n,  %  VO2  max,  at 
and  in  exercise  time  to  exhaustion  at 
the  pretraining  Th^j^  was  similar  in  both 
trained  groups.  Vastus  lateralis  citrate  syn¬ 
thase  and  3-hydroxyacyl-CoA-dehydroge- 
nase  activities  increased  to  the  same  extent 
in  both  trained  groups.  While  all  of  these 
training-induced  adaptations  were  statisti¬ 
cally  significant  (P<0.05),  there  were  no  sig¬ 
nificant  changes  in  any  of  these  variables  for 
the  control  subjects.  These  results  suggest  that 
the  relative  stimulus  for  physiological 
adaptation  to  training  was  similar  in  SS  and 
NSS.  These  results  also  demonstrate  that, 
when  training  intensity  is  set  relative  to  the 
Than/  is  the  mean  intensity  during  training 
that  determines  the  extent  of  adaptation  re¬ 
gardless  of  whether  the  exercise  is  per¬ 
formed  intermittently  or  continuously. 


Martineau,  L.,  Horan,  M.  A.,  Rothwell,  N.  J., 
&  Little,  R,  A.  (1992).  Salbutamol,  a  62- 
adrenergic  agonist,  increases  skeletal  muscle 
strength  in  young  men.  Clin,  Sci,,  83,  615-621. 

Abstract  fi2“adrenoceptor  agonists 

have  been  shown  to  increase  rapidly  lean 
body  mass  and  reverse  muscle  wasting  in  sev- 
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eral  animal  models  of  human  illness. 
However,  no  published  information  is  avail¬ 
able  for  humans.  In  the  present  study,  we  in¬ 
vestigated  the  effects  of  a  slow-release 
preparation  of  salbutamol  or  a  placebo  on 
skeletal  muscle  functional  capacity  in  12 
healthy  men.  The  strength  of  different  mus¬ 
cle  groups  was  measured  on  two  occasions 
prior  to,  and  after  14  and  21  d  of  treatment. 
No  significant  changes  in  muscle  strength 
were  observed  with  placebo  during  the  trial. 
In  contrast,  the  strength  of  both  quadriceps 
muscles  increased  significantly  (12  ±  3  %)  af¬ 
ter  14  d  on  salbutamol,  and  remained  ele¬ 
vated  at  21  d.  Whereas  the  strength  of  the 
hamstring  muscles  of  the  dominant  leg  signif¬ 
icantly  increased  after  21  d  on  salbutamol  (22 
±  6%),  the  strength  of  the  non-dominant 
hamstring  muscles  returned  to  baseline  val¬ 
ues.  There  was  no  significant  change  in  the 
grip  strength  of  either  hand  in  these  subjects 
during  the  trial.  The  maximal  static  inspi¬ 
ratory  mouth  pressure  significantly  increased 
after  14  d  (7  ±  2%)  on  salbutamol,  and  in¬ 
creased  further  after  21  d  (15  ±  4%);  the  expi¬ 
ratory  mouth  pressure  remained  constant.  No 
significant  changes  in  body  weight,  skinfold 
thickness,  lean  body  mass,  or  Umb  circumfer¬ 
ences  were  measured  in  either  group.  These 
data  demonstrate  that  short-term  adminis¬ 
tration  of  salbutamol  increases  involimtary 
muscle  strength  in  man.  However,  the  mag¬ 
nitude  and  duration  of  this  effect  vary  be¬ 
tween  muscle  groups.  This  study  implies  that 
the  fi2-adrenoceptor  agonists  may  be  of  ther¬ 
apeutic  potential  in  altering  skeletal  muscle 
function  in  humans. 


Martineau,  L.,  &  Jacobs,  I.  (1992).  Substrate 
availability  and  temperature  regulation 
during  cold  water  immersion  in  humans.  In  R. 
Y.  Nishi  (Ed.),  Proceedings  of  the  DCIEM 
Diver  Thermal  Protection  Workshop,  31  Jan  - 
2  Feb  1989,  DCIEM  No.  92-10,  (pp.  125-130). 
North  York,  Ontario:  Defence  and  Civil 
Institute  of  Environmental  Medicine. 


Abstract  Increased  thermogenesis  in 

humans  during  cold  exposure  is  caused  by 
shivering.  Although  there  is  much  evidence 
that  both  circulating  and  intramuscular  sub¬ 
strates  are  used  to  fuel  this  enhanced  skele¬ 
tal  muscle  activity,  there  are  no  studies  de¬ 
scribing  the  effects  of  altering  substrate 
availability  on  human  temperature  regula¬ 
tion.  This  abstract  reports  the  results  from 
two  studies.  The  importance  of  skeletal  mus¬ 
cle  glycogen  as  a  fuel  for  shivering  thermoge¬ 
nesis  in  humans  during  cold  water  immersion 
was  first  clarified.  It  was  then  investigated 
whether  a  reduced  availability  of  plasma 
free  fatty  acids  (FFA)  would  impair  cold  tol¬ 
erance. 

Study  I.  Eight  lean  male  subjects, 
wearing  only  bathing  suits,  were  immersed  to 
the  chest  in  18°  C  water  three  times  over  a 
three-week  period.  Each  immersion  contin¬ 
ued  until  90  min  had  elapsed  or  rectal  tem¬ 
perature  (T^e)  decreased  to  35.5°  C.  Each  im¬ 
mersion  followed  2,5  days  of  a  specific  di¬ 
etary  and/or  exercise  regimen  designed  to 
elicit  low  (L),  normal  (N),  or  high  (H)  glyco¬ 
gen  concentration  in  large  muscle  groups. 
Biopsies  from  the  vastus  lateralis  muscle 
showed  that  glycogen  concentration  before 
the  immersion  was  significantly  (p<0.01) 
lower  for  L  than  for  N  or  H.  The  calculated 
metabolic  heat  production  during  the  first  30 
min  of  immersion  was  significantly  lower 
(p<0.05)  during  L  as  compared  to  N  or  H.  The 
rate  at  which  Tj-g  decreased  was  more  rapid 
(p<0.05)  during  L  than  either  N  or  H,  and 
the  time  during  the  immersion  at  which  "^re 
first  began  to  decrease  also  appeared  sooner 
(p=0.08)  during  L  than  N  or  H.  The  immer¬ 
sion  time  was  significantly  shorter  (p<0.05) 
during  L  than  either  N  or  H.  There  were  no 
differences  between  the  thermoregulatory  re¬ 
sponses  of  N  and  H. 

Study  n.  Seven  seminude  male  sub¬ 
jects  were  immersed  in  18°  C  water  after  2 
hours  of  intermittent  oral  ingestion  of  either 
a  placebo  (FLAG)  or  nicotinic  acid  (NIC),  a 
potent  antUipolytic  agent.  Plasma  FFA  lev¬ 
els  immediately  before  the  immersion  were 
eight  times  lower  (p<0.05)  in  NIC  than  in 
FLAG.  Although  FFA  levels  increased 
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(p<0.05)  in  NIC  after  the  immersion,  they 
remained  five  times  lower  (p<0.05)  than  in 
PLAC  throughout  the  immersion.  Muscle 
glycogen  concentrations  in  the  vastus  later¬ 
alis  decreased  (p<0.05)  following  cold  water 
immersion  in  both  trials,  but  the  rate  of 
glycogen  utilization  was  similar.  The  de¬ 
crease  in  plasma  glucose  levels  following 
immersion  was  greater  (p<0.05)  in  NIC  than 
in  PLAC.  Mean  RER  immediately  before  the 
immersion  was  greater  (p<0.05)  in  NIC  than 
in  PLAC.  There  were  no  intertrial  differ¬ 
ences  either  in  the  calculated  metabolic  heat 
production  during  immersion  or  between  the 
thermoregulatory  responses  of  PLAC  or  NIC. 

The  results  demonstrate  clearly  that 
low  skeletal  muscle  glycogen  levels  may  be 
associated  with  more  rapid  body  cooling  in 
humans.  Higher  than  normal  glycogen  lev¬ 
els,  however,  do  not  increase  cold  tolerance. 
Furthermore,  the  data  indicate  that  a  re¬ 
duced  availability  of  FFA  does  not  alter  hu¬ 
man  temperature  regulation  during  cold  wa¬ 
ter  immersion.  Apparently,  any  reduced  heat 
production  transduced  from  plasma  FFA  may 
be  replaced  by  energy  from  other  substrates. 


McLellan,  T.,  &  Cheung,  K.  S.  Y.  (1992).  A 
comparative  evaluation  of  the  individual 
anaerobic  threshold  and  the  critical  power. 
Med.  Sci.  Sports  Exerc.,  24,  543-550. 

Abstract  The  individual  anaerobic 

threshold  (lAT)  is  defined  as  the  highest 
metabolic  rate  where  blood  lactate  (La)  con¬ 
centrations  are  maintained  at  a  steady-state 
during  prolonged  exercise.  The  asymptote  of 
the  hyperbolic  relationship  between  power 
output  and  time  to  fatigue  has  been  defined 
as  the  critical  power  (CP)  which,  in  theory, 
represents  the  highest  metabolic  rate  where 
a  steady-state  response  can  be  achieved  dur¬ 
ing  prolonged  exercise.  Since  LAT  and  CP 
may  define  the  same  power  output,  the  pur¬ 
pose  of  this  study  was  to  compare  the  gas  ex¬ 
change,  blood  La  and  acid-base  responses 
during  exercise  at  the  metabolic  rates  de¬ 
fined  as  lAT  and  CP.  Fourteen  males  per¬ 


formed  a  maximal  incremental  cycle  exercise 
test  which  was  followed  by  a  light  active  re¬ 
covery  period  to  determine  LAT. 

Subsequently,  subjects  exercised  to  fatigue  at 
five  power  outputs  (calculated  to  elicit  from 

90%  to  110%  VO2  max )  to  determine  CP. 
lAT  occurred  at  a  significantly  lower  power 

output  and  VO2  (235  ±  44  W  and  2.97  ±  0.47 
L-min"^,  respectively)  compared  with  CP 
(265  ±  39  W  and  3.35  0.41  L-min"^,  respec¬ 
tively).  During  30  min  of  exercise  at  I  AT 
blood  La  levels  increased  during  the  initial 
10  min  to  3.9  ±  1.9  mmoLL"!  but  did  not 
change  during  the  final  15  min.  Blood  pH  de¬ 
creased  to  7.32  ±  0.04  at  5  min  and  did  not 
change  thereafter,  while  PC02  fell  from  41.5 
±  3.2  mmHg  at  5  min  to  36.2  ±  3.6  mmHg  at  30 
min.  Only  one  subject  completed  30  min  of  ex¬ 
ercise  at  CP.  For  thirteen  subjects  who  com¬ 
pleted  15  min.  La  values  increased  from  5.0  ± 
1.1  mmol*L”^  at  5  min  to  6.8  ±  1.9  mmol-L"^  at 
15  min,  pH  decreased  to  7.28  ±  0.03  at  5  min 
and  remained  unchanged  and  PC02  de¬ 
creased  from  40.8  ±  3.8  mmHg  at  5  min  to  33.7 
±  2.0  at  15  min.  It  is  concluded  that  the 
methods  used  to  determine  CP  overestimate 
the  metabolic  rate  associated  with  a  maxi¬ 
mal  steady-state  blood  La  and  acid-base  re¬ 
sponse. 


McLeUan,  T.  M.,  Cheung,  S.  S.,  &  Meunier,  M. 
R.  (1992).  The  effect  of  normocapnic  hypoxia 
and  the  duration  of  exposure  to  hypoxia  on 
supramaximal  exercise  performance.  Eur.  /. 
AppL  Physiol,  66,  409-414. 

Abstract  Two  investigations  were  de¬ 

signed  that,  a)  evaluated  the  effect  of  the 
respiratory  alkalosis  that  accompanies 
breathing  an  hypoxic  gas  mbcture  and,  b)  ex¬ 
amined  the  influence  of  the  duration  of 
breathing  the  hypoxic  gas  on  the  subsequent 
performance  of  45-s  of  supramaximal  dy¬ 
namic  exercise.  In  experiment  1,  twelve 
males  performed  a  45-s  Wingate  Test  (WT) 
on  three  occasions  breathing  a  normoxic  (N, 
20.9%  O2),  hypoxic  (H,  11.3%  O2)  or  normo- 
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capnic  hypoxic  (H+CO2, 11.5%  O2,  2.25% 
CO2)  gas  mixture  with  a  rninimum  of  48  h  be¬ 
tween  tests.  Subjects  breathed  the  humidi¬ 
fied  gas  mixtures  from  a  spirometer  for  20  min 
prior  to  performing  the  45-s  WT.  For  experi¬ 
ment  2,  nine  males  performed  a  normoxic 
(N20)  and  three  hypoxic  WT  trials.  The  hy¬ 
poxic  conditions  consisted  of  breathing  an 
11%  O2  balancg  N2  gas  mbcture  for  10-min 
(HIO),  20-min  (H20)  or  30-min  (H30)  prior  to 
the  WT.  Resting  blood  oxygen  saturation  was 
monitored  with  an  ear  oximeter  and  de¬ 
creased  during  the  hypoxic  trials  from  98%  to 
-85%.  Arterialized  blood  samples  for  lac¬ 
tate,  pH,  blood  gases  and  catecholamines  (in 
experiment  1)  were  taken  before  and  at  the 
end  of  the  period  breathing  the  gas  mixture, 
immediately  following  the  WT  and  during  a 
10-min  recovery  period  breathing  room  air. 
Open-circuit  spirometry  was  used  to  calcu¬ 
late  the  total  VO2  during  WT.  For  experi¬ 
ment  1,  VO2  was  significantly  reduced  dur¬ 
ing  the  45-s  H  (1.22  ±  0.23  L)  and  H+CO2 
(1.12  ±  0.18  L)  WT  trials  compared  with  the 
normoxic  trial  (1.78  ±  0.18  L).  Peak  power 
output  during  WT  was  similar  across  trials. 
However,  a  small  (less  than  3%)  but  signifi¬ 
cant  reduction  in  the  mean  power  output  was 
observed  for  both  H  and  H‘^C02  (6.8  ±  0.6 

W-kg"^)  compared  with  N  (7.0  ±  0.6  W*kg"l). 
Prior  to  performing  the  WT,  blood  pH  and 
pC02  were  similar  (7.40  ±  0.02  and  5.3  ±  0.3 

kPa,  respectively)  for  the  N  and  H'*'C02  tri¬ 
als.  A  respiratory  alkalosis  accompanied 
the  H  condition  (7.46±  0.02  for  pH  and  4.6  ± 
0.3  kPa  for  PCO2).  Blood  lactate  and  plasma 
catecholamines  were  similar  among  the 
three  trials  both  before  and  after  WT.  For 

experiment  2,  VO2  also  was  significantly 
lower  during  the  45-s  WT  for  HIO  (1.16  ±  0.16 
L),  H20  (1.17  ±  0.16  L)  and  H30  (1.18  ±  0.26  L) 
compared  with  N20  (1.84  ±  0.41  L).  In  addi¬ 
tion,  peak  power  output  was  similar  across 
trials  but  a  significant  reduction  in  mean 
power  output  was  observed  for  the  hypoxic 
trials  (7.1  ±  0.4  W-kg“^)  compared  with  N20 
(7.4  ±  0.4  W'kg"^).  These  data  conflict  with 


our  previous  findings  (McLellan  et  al.  1990) 
and  suggest  that  the  respiratory  alkalosis 
that  accompanies  breathing  an  hypoxic  gas 
mixture  does  not  influence  performance  of  a 
45-s  WT.  Also,  the  coriflicting  results  cannot 
be  attributed  to  the  length  of  breathing  the 
hypoxic  gas  mixture  prior  to  the  performance 
of  the  WT. 


McLellan,  T.  M.,  Meunier,  P.,  &  Livingstone, 
S.  (1992).  Influence  of  a  new  vapour 
protective  clothing  layer  on  physical  work 
tolerance  times  at  40°  C  ambient  tem¬ 
perature.  Aviat.  Space  Environ.  Med.,  63, 
107-113. 

Abstract  The  purpose  of  the  present 

study  was  to  examine  the  influence  of  a  new 
vapor  protective  clothing  on  physical  work 
performance  in  a  hot  environment  (40°C  and 
25%  relative  humidity).  Eleven  unacclima¬ 
tized  males  (28  ±  6  years,  79  ±  8  kg,  1.76  ±  0.06 
m)  were  assigned  to  exercise  at  either  a  light 
intermittent  (L)  (N  =  6),  or  heavy  continuous 
(H)  (N  =  5)  metabolic  rate.  Group  L  alter¬ 
nated  between  15  min  of  walking  on  a  tread¬ 
mill  at  1.11  ms"^  with  a  0%  grade  and  15  min 
of  rest.  Group  H  walked  continuously  at  1.33 
ms“l  with  a  3%  grade.  Subjects  were  tested 
wearing  three  clothing  configurations:  full 
nuclear,  biological  and  chemical  (NBC)  pro¬ 
tection  (TOPP  High)  with  the  combat  cloth¬ 
ing  worn  under  the  NBC  garment  (TH  +  CC); 
full  NBC  protection  without  combat  clothing 
(TH  -  CC);  the  new  vapor  protective  clothing 
together  with  the  NBC  gloves,  boots,  and 
respirator  (NPC).  WTT  was  the  time-period 
until  rectal  temperature  (Tre)  reached 
39.3°C,  heart  rate  reached  95%  maximum, 
dizziness  or  nausea  precluded  further  exer¬ 
cise,  or  3  h  had  elapsed.  For  group  L,  WTT 
was  similar  for  TH  +  CC  (113  ±  12  min)  and 
TH  -  CC  (139  ±  18  min).  WTT  was  signifi¬ 
cantly  increased  for  NPC  where  all  subjects 
completed  the  3  h  in  the  climatic  chamber. 
The  rate  of  increase  for  Tre  was  significantly 
reduced  for  NPC  (0.3  ±  0.  l°Ch~^  )  compared 
with  both  TH  +  CC  (0.9  ±  0.1°Ch”l)  and  TH  - 
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CC  (0.8  ±  0.2°Ch'^  ).  The  evaporative  effi- 
ciency  of  the  new  clothing  ensemble  (76  ±  4%) 
was  also  significantly  increased  compared 
with  both  TH  +  CC  (36  ±  17%)  and  TH  -  CC 
(46  ±  9%).  For  group  H,  WTT  significantly 
increased  from  TH  +  CC  (46  ±  15  min)  to  TH  > 
CC  (60  ±  21  min)  and  to  NFC  (85  ±  28  min). 
The  rate  of  increase  in  Tre  was  not  different 
among  the  three  clothing  configurations. 
Evaporative  efficiency  was  significantly 
different  among  the  three  clothing  trials  (19 
±  18%,  38  ±  4%  and  57  ±  7%  for  TH  +  CC,  TH  > 
CC  and  NFC,  respectively).  For  both  groups, 
mean  skin  temperature  and  heart  rates  re¬ 
flected  the  differences  in  the  evaporative  ef¬ 
ficiency  of  the  clothing  comparisons.  The  re¬ 
sults  of  this  experiment  clearly  show  the 
benefits  of  the  new  vapor  protective  clothing 
on  physical  work  performance  in  a  hot  envi¬ 
ronment.  Also,  the  data  strongly  suggest 
that,  if  possible,  the  combat  clothing  should 
not  be  worn  under  the  present  NBC  garment. 


Savourey,  G.,  Vallerand,  A.  L.,  &  Bittel,  J. 

H.  M.  (1992).  General  and  local  cold 
adaptation  after  a  ski  journey  in  severe 
Arctic  environment.  Eur.  },  Appl  Physiol. ,  64, 
99-105. 

Abstract  It  is  hypothesized  that  some 

of  the  variability  in  the  conclusions  of  sev¬ 
eral  human  cold  adaptation  studies  could  be 
explained  if  not  only  were  the  change  in  core 
and  shell  temperatures  taken  into  account, 
before  and  after  cold  adaptation,  but  also  the 
absolute  temperatures  and  metabolic  rate  in 
both  thermally  neutral  environments  and  in 
the  cold.  Such  an  approach  was  used  in  a 
group  of  volimteers  before  and  after  a  ski 
journey  (3  weeks  at  -20  to  “30°C)  across 
Greerdand.  Eight  subjects  were  submitted  to 
cold  tests  (Tdb=  1°C,  r.h.  =  40%,  wind  speed  = 

0.8  m  •  s"l)  for  2  hours.  Thermoregulatory 
changes  were  also  monitored  in  a  neutral  en¬ 
vironment.  (T^b  =  30'’C).  In  the  neutral  envi¬ 
ronment,  the  arctic  journey  increased 
metabolic  rate  (11.2%;  F<0.05)  and  mean  skin 
temperature  (Tgj.:  33.5  (SEM  0.2)°C  vs  32.9 


(SEM  0.2)*^,  F<0.05].  During  the  cold  test, 
the  arctic  journey  was  associated  with  a 
lower  final  rectal  temperature  [36.8  (SEM 
0.2yC  vs  37.3  (SEM  0.2)^,  F<0.01],  a  lower 
final  Tgk  [20.7  (SEM  0.4)°C  vs  21.2  (SEM 
0.3)  X;,  F<0.01]  with  no  change  in  metabolic 
heat  production.  These  observations  are  in¬ 
dicative  of  an  hypothermic  insulative 
isometabolic  general  cold  adaptation,  which 
was  associated  with  a  local  cold  adaptation 
of  the  extremities,  as  shown  by  warmer  foot 
temperatures  [12.3  (SEM  0.9)'^C  vs  9.8  (SEM 
0.9)^  C,  F<0.001]. 


Tikuisis,  F.  (1992).  Development  of  whole- 
body  models  for  thermoregulation  in  the 
cold.  In  K.  R.  Diller  &  A.  Shitzer  (Eds.), 
Macroscopic  and  Microscopic  Heat  and  Mass 
Transfer  in  Biomedical  Engineering,  (pp. 
126-137).  New  York:  Elsevier  Fress. 

Abstract  Whole-body  models  of  hu¬ 

man  thermoregulation  have  been  developed 
over  the  past  three  decades.  While  gener¬ 
ally  successful  when  applied  to  conditions  of 
heat  stress,  their  predictive  performance  for 
conditions  of  cold  stress  has  been  limited. 
This  is  largely  due  to  the  greater  individual 
variability  in  response  to  cold  and  to  the 
much  larger  gradients  in  tissue  temperature. 
To  obtain  agreement  with  measured  values  of 
body  temperature  and  metabolic  rate,  sev¬ 
eral  parameters  governing  thermoregulation 
are  introduced  to  the  models,  e.g.  efferent 
shivering  commands  based  on  peripheral  and 
central  temperatures,  contribution  of  muscles 
to  heat  production,  conduction  of  heat,  and 
extent  of  coimter-current  heat  exchange.  The 
characterization  of  the  flow  and  tempera¬ 
ture  of  blood  is  regarded  especially  impor¬ 
tant  since  blood  flow  to  the  limbs  is  the  prin¬ 
cipal  contributor  of  heat  in  the  limbs.  Most 
model  parameters  are  rationally  derived, 
yet  some  are  mathematically  constructed  to 
obtain  a  good  fit.  In  an  effort  to  improve 
model  parameterization,  several  experi¬ 
ments  were  conducted  to  measure  key  re¬ 
sponses  and  properties  during  cold  stress. 
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These  experiments  were  to  1)  characterize 
the  relationship  between  metabolic  response 
and  body  fatness,  2)  determine  the  onset  of 
shivering  and  the  contribution  to  the  overall 
heat  production  of  various  muscle  during 
shivering,  3)  determine  the  "in  vivo"  ther¬ 
mal  conductivity  of  cold  limb  tissues,  and  4) 
determine  the  extent  of  radial  counter-cur¬ 
rent  heat  exchange  in  the  limbs.  The  results 
of  these  investigations  are  reviewed  and 
their  implementation  into  whole-body  mod¬ 
els  of  thermoregulation  is  discussed. 
Prediction  based  on  a  revised  model  with 
these  new  findings  are  compared  with  previ¬ 
ous  predictions. 


Tikuisis,  P.  (1992).  Prediction  of  ther¬ 
moregulatory  response  for  clothed  immersion 
in  cold  water.  In  R.  Y.  Nishi  (Ed.), 
Proceedings  of  the  DCIEM  Diver  Thermal 
Protection  Workshop,  31  Jan  -  2  Feb  1989, 
DCIEM  No.  92-10,  (pp.  165-175).  North  York, 
Ontario:  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  A  multi-compartmental 

thermoregulatory  model  was  applied  to  data 
of  ten  resting  clothed  males  immersed  for  3  h 
in  water  at  10  and  15  °C.  Clothing  consisted 
of  a  dry  suit  and  either  a  light  or  heavy  un¬ 
dergarment,  representing  a  total  insulation  of 
0.15  (0.95)  or  0.20  °  C/W  (1.28  do),  respec- 

tively.  Data  were  grouped  according  to  low 
(<14%)  and  high  (14  to  24%)  body  fat  indi¬ 
viduals.  Mean  decreases  in  rectal  tempera¬ 
ture  ranged  from  0.79  to  1.38  °C,  mean  de¬ 
creases  in  the  mean  weighted  skin  tempera¬ 
ture  ranged  from  6.3  to  10.2  °  C,  and  mean  in¬ 
creases  in  the  metabolic  rate  ranged  from  33.9 
to  80.8  W.  The  model  consists  of  eight  seg¬ 
ments,  each  representing  a  specific  region  of 
the  body.  Each  segment  is  comprised  of  com¬ 
partments  representing  the  core,  muscle,  fat, 
skin,  and  clothing.  Each  compartment  is  as¬ 
signed  thermophysical  values  of  heat  con¬ 
duction  and  heat  capacitance,  and  with  the 
exception  of  clothing,  physiological  values 
of  blood  flow  and  metabolic  heat  production. 


During  cold  exposure,  responses  are  directed 
towards  increased  heat  production  in  the 
form  of  shivering  and  heat  conservation  in 
the  form  of  vasoconstriction  and  counter-cur¬ 
rent  heat  exchange.  Agreement  between  the 
model  predictions  and  the  experimental  ob¬ 
servations  was  obtained  by  adjusting  the  pa¬ 
rameters  governing  these  responses.  These 
adjusted  parameters  were  1)  the  delayed  on¬ 
set  of  limb  shivering  with  an  exponential 
half-time  of  30  min,  2)  the  fractional  value 
of  0.5  for  the  heat  exchange  between  the  core 
compartments  of  the  limbs  and  the  blood 
flowing  through  these  compartments,  3)  the 
fractional  contribution  of  trunk  shivering  to 
overall  shivering,  which  ranged  from  0.77  to 
0.95,  and  4)  the  delayed  onset  of  vasocon¬ 
striction  with  half-times,  which  ranged 
from  3  to  25  min.  Steady  state  was  predicted 
to  occur  within  4  h  and  an  analysis  of  heat 
balance  indicated  that  the  limbs  were  re¬ 
sponsible  for  most  of  the  body’s  heat  loss 
while  acquiring  most  of  their  own  heat  from 
the  trunk  through  conduction  with  the  cen¬ 
tral  blood. 


Vallerand,  A.  L.,  &  Jacobs,  I.  (1992).  Energy 
metabolism  during  cold  exposure.  Inti  /. 

Sports  Med,,  13(Suppl.  1),  S191-S193. 

Abstract  Recent  advances  on  the  influ¬ 

ence  of  cold  exposure  on  energy  metabolism  in 
animals  and  humans  are  summarized. 
Although  the  cold-induced  increases  in  car¬ 
bohydrate  metabolism  have  been  the  focus  of 
numerous  studies,  it  was  only  recently  that 
evidence  from  animal  studies  suggested  that 
cold  exposure  exerts  an  insulin-like  effect  on 
peripheral  tissue  glucose  uptake,  which  ap¬ 
pears  to  proceed  primarily  via  insulin-inde¬ 
pendent  pathways.  Interestingly,  this  phe¬ 
nomenon  was  observed  in  insulin-sensitive 
tissues  of  warm-  as  well  as  cold-adapted 
rats.  Whereas  previous  human  studies  have 
described  the  cold-induced  changes  in  basal 
levels  of  hormones  and  metabolic  substrates, 
recent  work  from  our  laboratory  has  demon¬ 
strated  that  exposure  to  cold  at  rest  shifts 
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substrate  utilization  from  being  mainly 
lipid-dependent  at  thermal  neutrality  to 
carbohydrates,  representing  the  main  fuel  for 
shivering  thermogenesis.  Further  investiga¬ 
tion  has  revealed  that  the  marked  increase 
in  carbohydrate  oxidation  in  cold-exposed 
humans  is  derived  from  a  greater  utilization 
of  both  circulating  glucose  and  intramuscular 
glycogen.  With  respect  to  lipid  metabolism, 
recent  studies  have  shown  that  the  cold-in¬ 
duced  increase  in  lipid  oxidation  in  man  is 
fueled  primarily  by  the  fatty  acids  released 
from  white  adipose  tissue  triglycerides  (TG) 
and  possibly  intramuscular  TG,  not  plasma 
TG,  One  practical  application  of  this  work  on 
energy  metabolism  in  the  cold  resides  in  the 
pharmacological/nutritional  approach  to 
improve  cold  tolerance,  where  pharmacolog¬ 
ical  agents  that  alter  energy  metabolism  and 
substrate  utilization  could  be  used  to  enhance 
cold  thermogenesis  and  produce  warmer  body 
temperatures. 


Vallerand,  A.  L.,  &  Jacobs,  1.  (1992).  Review 
of  pharmacological  approaches  to  improve 
cold  tolerance.  In  R.  Y.  Nishi  (Ed.), 
Proceedings  of  the  DCIEM  Diver  Thermal 
Protection  Workshop,  31  Jan  -  2  Feb  1989, 
DCIEM  No,  92-10,  (pp.  119-123).  North  York, 
Ontario:  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  A  pharmacological  ap¬ 

proach  to  the  problem  of  enhancing  cold  tol¬ 
erance  in  humans  is  currently  the  subject  of 
greater  attention.  Two  approaches  are  possi¬ 
ble.  First,  drugs  that  minimize  heat  loss 
could  delay  hypothermia  but  would  also  be 
associated  with  lower  mean  skin  tempera¬ 
ture,  the  loss  of  manual  dexterity  and  a 
greater  danger  of  frostbite.  Secondly,  agents 
that  increase  heat  production  could  increase 
resistance  to  cold  by  producing  warmer  body 
temperatures.  By  using  hormones,  theo¬ 
phylline,  caffeine,  amphetamines  etc.  for 
various  periods  of  time,  heat  production  and 
cold  tolerance  have  been  improved  in  animal 
studies.  However,  a  generalization  to  hu¬ 


mans  shotild  be  made  with  caution  particu¬ 
larly  in  view  of  the  small  ^imal’s  capacity 
for  brown  fat  nonshivering  thermogenesis.  In 
humans  exposed  to  comfortable  ambient  tem¬ 
peratures,  recent  studies  have  firmly  estab¬ 
lished  that  Beta-adrenergic  drugs  such  as 
ephedrine,  and  methylxanthines  such  as  caf¬ 
feine  increase  heat  production.  Similarly,  a 
mixture  of  ephedrine /caffeine  is  presently 
considered  a  very  promising  thermogenic 
drug  in  man  because  it  has  shown  safe  ther¬ 
mogenic  properties  in  both  short-  and  long¬ 
term  studies.  Since  its  thermal  benefit  to 
cold-exposed  humans  is  unknown,  the  influ¬ 
ence  of  ephedrine  (1  mg/kg)/ caffeine 
(2,5mg/kg)  on  cold  tolerance  was  investi¬ 
gated  in  9  healthy  young  male  subjects  during 
two  semi-nude  exposures  to  cold  air  (3  h  at 
lO'^C).  The  drug  ingestion  reduced  the  total 
drop  in  core,  mean  skin  and  mean  body  tem¬ 
peratures  (p<0.01),  thus  producing  signifi¬ 
cantly  warmer  final  core,  mean  skin  and 
mean  body  temperatures  in  comparison  to  the 
placebo  ingestion.  The  drug  ingestion  in¬ 
creased  the  total  3  h  energy  expenditure  by 
18.6%  in  comparison  to  that  of  the  placebo 
ingestion  in  the  cold  (p<0.01).  Using  the  non¬ 
protein  respiratory  exchange  ratio  to  calcu¬ 
late  the  rates  of  substrate  oxidation,  it  was 
found  that  the  drug  ingestion  increased  car¬ 
bohydrate  oxidation  by  41.7%  above  that  of 
the  placebo  (p<0.05),  but  did  not  alter  lipid 
or  protein  metabolism.  The  results  demon¬ 
strate  that  the  ingestion  of  an 
ephedrine/caffeine  mixture  improves  cold 
tolerance  in  man  by  significantly  increasing 
body  temperatures  in  the  cold.  These  im¬ 
provements  were  caused  by  a  greater  energy 
expenditure,  which  appears  to  be  dependent 
on  an  enhanced  carbohydrate  utilization. 


Vallerand,  A,  L.,  &  Jacobs,  I.  (1992).  Lipid 
metabolism  in  cold  exposed  humans.  In  R.  Y. 
Nishi  (Ed.),  Proceedings  of  the  DCIEM  Diver 
Thermal  Protection  Workshop,  31  Jan  -  2  Feb 
1989,  DCIEM  No.  92-10,  (pp.  139-142).  North 
York,  Ontario:  Defence  and  Civil  Institute  of 
Environmental  Medicine. 
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Abstract  The  goal  of  this  study  was  to 
determine  the  changes  in  lipid  utilization 
associated  with  cold  exposure  in  humans,  and 
whether  plasma  triglyceride  (TG)  and 
lipolysis  play  an  important  role  in  lipid 
metabolism  during  cold  exposure.  This  was 
achieved  by:  calculating  the  rates  of  sub¬ 
strate  oxidation  from  indirect  calorimetry, 
by  performing  an  intravenous  fat  tolerance 
test  (rVFTT;  an  index  of  plasma  TG  utiliza¬ 
tion)  and  by  measuring  changes  in  plasma 
glycerol  levels  (an  index  of  lipolysis).  Since 
fat  clearance  is  increased  24  h  after  exercise, 
a  second  cold  exposure  combined  with  an 
IVFTT  were  also  performed  24  h  after  the 
first  cold  exposure,  to  evaluate  the  possibil¬ 
ity  of  a  delayed  increase  in  fat  tolerance.  Six 
healthy  males  were  therefore  subjected  to  an 
IVFTT  (1  ml/kg  10%  Intralipid)  on  3  occa¬ 
sions  (fasting  semi-nude)  while  resting  for 
160  min:  1)  at  thermal  neutrality  (29°C),  2) 
in  the  cold  (10°C,  1  m/s  wind)  and  3)  in  the 
cold  24  h  after  the  first  cold  test.  One  week 
separated  the  warm  test  from  the  two  cold 
tests.  Cold  exposure  reduced  mean  body  tem¬ 
perature  by  3.2  ±  0.1°  C  and  increased  energy 
expenditure  2.6  times  in  comparison  to  warm 
values  (p<0.01).  It  also  increased  fat  oxida¬ 
tion  by  71%  (p<0.01)  and  plasma  glycerol 
levels  (p<0.05),  but  did  not  alter  the  removal 
rate  of  the  infused  plasma  TG.  Although  the 
second  cold  test  entailed  essentially  the 
same  changes  in  body  temperatures  and  heat 
production  as  the  first  one,  the  second  cold 
test  was  accompanied  by  a  further  increase  in 
fat  utilization  (142%  above  warm  values, 
p<0.01;  or  56%  of  the  energy  expenditure),  a 
further  increase  in  plasma  glycerol  levels 
(p<0.05)  and  an  unchanged  fat  tolerance. 

The  results  of  the  present  study  demonstrate 
that  cold  exposure  in  humans  significantly 
increases  the  oxidation  of  lipid,  and  that 
plasma  TG  do  not  appear  to  be  an  important 
energy  substrate  in  the  cold,  even  when  Hpid 
metabolism  is  further  increased  by  the  second 
cold  test.  It  is  suggested  that  white  adipose 
tissue  and  possibly  intramuscular  TG,  not 
plasma  TG,  are  the  preferred  sources  of  fatty 
acids  for  oxidation  in  cold-exposed  humans. 


VaUerand,  A.  L.,  Savourey,  G.,  &  Bittel,  J. 

H.  M.  (1992).  Determination  of  heat  debt  in 
the  cold:  Partitional  calorimetry  vs. 
conventional  methods.  /.  Appl.  Physiol., 
72(4),  1380-1385. 

Abstract  Measurements  of  core  tem¬ 

perature  (T(;)  at  different  sites  produce  on 
some  occasions  different  cooling  curves  in 
cold-exposed  humans,  suggesting  that  the 
corresponding  thermometric  heat  debts  (FID) 
could  be  equally  different,  when  calculated 
by  conventional  methods  [via  either  the 
change  in  T^  or  mean  body  temperature  (Tj,)]. 
The  present  study  also  compared  these  ther¬ 
mometric  HD  values  to  the  calorimetric  HD 
(S)  obtained  by  partitional  calorimetry. 

Nine  subjects  who  showed  similar  initial  but 
different  final  T^  [rectal  (T^g)  and  auditory 
canal  temperatures  (Tg^)]  during  nude  cold 
exposure  (2h  at  1°C  at  rest)  were  used.  Tg-de- 
rived  HD  corresponded  to  a  heat  gain  of 
12±21  kj  and  a  HD  of  78±20  kj  using  Tj.g  and 
Tgg  respectively,  whereas  the  Tg-derived 
HD  varied  from  266±35  to  as  much  as  1479+71 
kJ  using  various  well-known  T|j  weighing  co¬ 
efficients.  In  contrast,  S  corresponded  to 
504±79  kJ,  a  level  that  coiold  only  have  been 
obtained  if  the  thermoneutral/cold  T^ 
weighing  coefficients  had  been  .818/ .818  for 
Tj-g  and  .865/. 865  for  Tgg.  The  results  demon¬ 
strate  that  HD  calculated  by  conventional 
methods  can  markedly  overestimate  or  rm- 
derestimate  heat  debt.  These  differences 
could  not  be  explained  by  the  site  chosen  to 
represent  Tg,  since  about  the  same  effect  was 
observed  using  either  Tre  or  ^ac*  It  is  con¬ 
cluded  that  thermometric  HD  in  the  cold  is 
not,  at  least  under  the  present  conditions,  as 
accurate  and  reliable  as  the  S  of  partitional 
calorimetry. 
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Vallerand,  A.  L.,  Savourey,  G.,  Hanniquet, 

&  Bittel,  J.  H.  M.  (1992).  How  should 
heat  storage  be  determined  in  humans:  by 
thermometry  or  calorimetry?  Eur.  /.  Appl 
Physiol,  65,  286-294. 

Abstract  The  aim  of  this  study  was  to 
determine  whether  in  humans  there  are  dif¬ 
ferences  in  the  heat  storage  calculated  by 
partitional  calorimetry  (S,  the  balance  of 
heat  gains  and  heat  losses)  compared  to  the 
heat  storage  obtained  by  conventional  meth¬ 
ods  (thermometry)  via  either  core  tempera¬ 
ture  or  mean  body  temperatures  {T]j- 
0.8Tc+0.2  Tq]^,  where  is  core  temperature 
and  Tg]^  is  mean  skin  temperature)  when  two 
different  sites  are  used  as  an  index  of 
[rectal  (Tj.^)  and  auditory  canal  temperatures 
(Tac)]*  Since  women  respond  to  the  heat  dif¬ 
ferently  than  men,  both  sexes  were  studied. 
After  a  stabilization  period  at  thermal  neu¬ 
trality,  six  men  and  seven  women  were  ex¬ 
posed  to  a  globe  temperature  of  50°C,  rela¬ 
tive  humidity  of  17%  and  wind  speed  of  0.8- 
1.0  m.s'^  for  90  min  semi-nude  at  rest,  where 
Trer  T^c,  Tgj^,  metabolic  rate,  dry  and  evapo¬ 
rative  (E)  heat  losses,  S,  heat  storage  by 
(STq)  and  heat  storage  by  (ST]^^)  were  as¬ 
sessed  every  min.  In  the  men.  S  was  equal  to 
350.8(SEM49.6)  kj  whereas  amounted  to 
only  114.6  (SEM  16,2)  and  196.7  (SEM  32.3)  kJ 
for  Tj.q  and  respectively  (P<0.05).  Final 
STb(re)  xmderestimated  S  by  49% 
[177.7(SEM23.0)  kJ;  P<0.05]  whereas  STb(ac) 
was  not  significantly  different  than  S 
[255.7(SEM37.9)  kJ].  In  the  women.  S  corre¬ 
sponded  to  a  total  of  294.3  (SEM  23.2)  kJ,  a 
value  that  was  very  similar  to  the  ST]b(ac) 
[262.6  (SEM  31.0)  kJ],  whereas  under¬ 

predicted  S  by  35%  [190.4  (SEM  26.3)  kJ; 
P<0.05].  As  in  men,  ST^  was  much  lower  than 
S  [116.6(SEM19.9)  and  190.3(SEM24.2)  kJ  for 
Tj.g  and  respectively;  P<0.05].  Using 
seven  other  well-known  weighting  coeffi¬ 
cients,  STjj  could  imder-  and  overestimate  S 
by  up  to  55%  and  11%,  respectively.  In  all 
subjects,  a  large  portion  of  the  variance  (68% 


and  75%)  in  the  difference  between  S  and 
ST^j,  could  be  explained  primarily  by  the 
AT^c-  The  results  demonstrate  that  although 
some  estimates  of  thermometric  heat  storage 
match  the  calorimetric  S,  other  predictions 
underestimate  it  by  up  to  67%  during  passive 
heating.  It  is  suggested  that  these  differ¬ 
ences  can  be  explained  in  part  by  the  site  cho¬ 
sen  to  represent  T^,  the  use  of  either  T^  or  T^^ 
in  the  heat  storage  calculation,  and  the 
thermoneutral/hot  weighting  coefficient(s) 
chosen  to  determine  T^.  Until  more  accurate 
measurements  of  body  temperatures  at  dif¬ 
ferent  depths  (core,  shell  and  intermediate) 
are  possible,  the  use  of  and  T^j-derived 
heat  storage  is  difficult  to  justify. 


Vallerand,  A.  L.,  Schmegner,  1.  F.,  &  Jacobs, 

1.  (1992).  Influence  of  the  Cold  Buster  Sports 
Bar  on  Heat  Dept,  Mobilization  and 
Oxidation  of  Energy  Substrates.  (DCIEM  92- 
60).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  In  a  recent  study,  we  have 

shown  that  the  commercially  available 
Cold  Buster'  Sports  bar,  purported  to  improve 
cold  resistance,  did  not  do  so  in  our  subjects 
exposed  to  a  relatively  severe  cold  test. 
(Vallerand,  Tikuisis,  Ducharme  &  Jacobs,  In 
Review).  One  possible  explanation  for  our 
conflicting  results  is  that  our  metabolic  rate 
(M)  was  too  high  for  the  possibly  small 
thermogenic  effect  of  the  bar  to  be  measur¬ 
able.  The  goal  of  this  study  was  therefore  to 
re-evaluate,  under  milder  conditions,  the  in¬ 
fluence  of  the  Cold  Buster*^^  on  heat  balance 
(heat  debt  =  heat  production  -  heat  losses) 
and  body  temperatures.  Eight  semi-nude 
fasted  subjects  were  exposed  to  the  cold  (3h 
at  rest,  lO^'C,  <0.4  m.s-1  wind)  on  two  occa¬ 
sions  following  the  ingestion  of  either  a 
placebo  (100  ird  water)  or  a  Cold  Buster'  (aU 
feedings  at  min  0  and  90).  As  a  result  of  the 
cold,  M,  dry  heat  losses  and  heat  debt  (S)  in¬ 
creased  whereas  mean  skin  temperature  de¬ 
creased  (P<0.05).  Rectal  temperature  re¬ 
mained  unchanged  due  to  the  mild  cold.  In 
all  of  the  above  parameters,  there  were  no 
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differences  between  treatments.  Ingestion  of 
the  Cold  Buster™  significantly  increased 
carbohydrate  oxidation  at  min  150  compared 
to  the  placebo  (P<0.05).  However,  this  was 
without  impact  on  M,  since  it  occurred  en¬ 
tirely  at  the  expense  of  fat  oxidation  (n.s.). 
Interestingly,  the  Cold  Buster*^^  increased 
plasma  glucose  levels  after  2h  into  the  cold 
(P<0.05),  a  phenomenon  which  appears  to 
have  triggered  a  large  increase  in  msuline- 
mia  (P<0.05)  This  secretion  of  insulin  seems 
to  have  blunted  lipid  mobilization  since  it 
significantly  reduced  plasma  free  fatty  acids 
levels  (P<0.05).  The  results  confirm  previous 
data  where  the  ingestion  of  the  Cold 
Buster™  Sports  bar  did  not  alter  heat  pro¬ 
duction,  heat  losses,  heat  debt  or  even  body 
temperatures,  and  extend  these  observations 
to  a  mild  cold  stress.  Although  the  Cold 
Buster™  enhanced  CHO  mobilization  and 
oxidation,  this  phenomenon  occurred  entirely 
at  the  expense  of  mobilization  and  oxidation 
of  lipids.  Taken  together,  these  studies  do 
not  provide  any  evidence  to  support  a  recom¬ 
mendation  for  the  use  of  the  Cold  Buster”^^ 
Sports  bar. 


Vallerand,  A.  L.,  Schmegner,  1.  F.,  &  Michas, 
R.  D.  (1992).  Heat  strain  produced  by  3 
aircrew  CD  ensembles  imder  hot  conditions: 
Improvement  with  an  air-cooling  vest.  In  J.  P. 
McBriarthy  &  N.  W.  Henry  (Ed.), 
Performance  of  Protective  Clothing,,  4th 
Volume,  ASTM  STP  1133,  (pp.  583-596). 
Philadelphia  PA,:  American  Society  for 
Testing  and  Materials. 

Abstract  The  heat  strain  produced  by 

three  different  Canadian  Forces  chemical 
defence  (CD)  individual  protection  ensem¬ 
bles  (IPE)  was  studied  under  simulated  hot 
cockpit  conditions  with  an  air-cooliag  vest 
(AC)  and  with  no  cooHng  (NC).  Seven 
healthy  males  were  randomly  subjected  to 
six  heat  stress  tests  (37°C,  50%  r.h.,  target  of 
150  min)  using  the  helicopter  IPE  with  AC-4 
mask  (H4),  the  helicopter  IPE  with  AR-5 
hood/respirator  (H5),  and  the  CF-18  fighter 


IPE  (F)  with  AR-5  respirator  and  anti-G  suit. 
Whatever  the  IPE,  AC  increased  heat  expo¬ 
sure  time  and  total  heat  losses,  and  de¬ 
creased  the  change  in  core  (ATre/h)  and 
whole  body  mean  skin  temperatures 
(ATg]^(y/B)/h)  (P<0-05).  Differences  with 
IPEs  appeared  restricted  to  the  F-NC  condi¬ 
tion.  F-NC  produced  a  lower  heat  exposure 
time  (vs  H4-NC  and  H5-NC)  and  sweat 
evaporation  rate  (vs  H4-NC),  and  a  greater 
ATsk(WB)/^  (vs  H4-NC  and  H5-NC)  and 
T^e  at  min  80  (vs  H5-NC)  (P<0.05).  The  re¬ 
sults  demonstrate  that  air  cooling  greatly 
enhances  heat  tolerance  of  subjects  wearing 
any  of  the  3  CD  IPEs  tested.  They  also  indi¬ 
cate  that  without  cooling,  both  helicopter 
IPEs  produce  slightly  better  tolerance  to  heat 
than  the  fighter  IPE,  possibly  an  influence  of 
the  anti-G  suit  on  evaporative  cooling. 


1993 

Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
•J.  (1993).  Effects  of  endurance  training  on 
heat-exercise  tolerance  in  men  wearing  NBC 
protective  clothing.  (DCIEM  93-46).  Defence 
and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  Sixteen  unacclimatized 

males  (27  ±  1  yr,  1.76  ±  0.01  m,  82  ±  3  kg)  were 
assigned  to  either  an  8-week  treatment  of  en¬ 
durance  training  (n  =  7)  or  control  (n  =  9).  The 
training  program  consisted  of  four  45-min  run¬ 
ning  sessions  per  week  at  80%  of  maximal 

aerobic  power  VO2  max,  performed  at  < 
25°C.  Subjects  were  tested  before  and  after 
treatment  wearing  either  standard  military 
combat  clothing  (4.4  kg,  1.4  do)  or  nuclear, 
biological  and/or  chemical  (NBC)  protective 
clothing  (8.2  kg,  2.5  do).  Test  sessions  in¬ 
volved  treadmill  walking  at  4.8  km  •  h 
and  2%  grade  in  a  climatic  chamber  main¬ 
tained  at  40  ±  0.5  °C  and  30  ±  1%  rh.  The 
heat-exercise  tolerance  time  (HETT)  was  de¬ 
fined  as  the  time  to  the  first  of:  (1)  a  rectal 
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temperature  (!’„)  of  39.3°C,  (2)  a  heart  rate 
(HR)  >  95%  of  the  subject's  observed  maxi¬ 
mum  for  3  min,  (3)  unwillingness  of  the  subject 
to  continue,  or  (4)  elapse  of  2  h.  Endurance 

training  increased  VO2  max  (39.9  ±  1.7  vs. 

46.3  ±2.3  ml  •  kg~^  •  min”')  and  plasma  vol¬ 
ume  (+8  ±  2%),  but  HETT  was  imchanged  in 
either  clothing  ensemble.  When  wearing 
standard  combat  clothing,  training  slowed 
the  rate  of  increase  in  HR  and  decreased 
mean  subjective  rating  of  perceived  exertion, 
with  a  trend  to  decreased  mean  skin  temper¬ 
ature  When  wearing  NBC  protective 

clothing,  in  contrast,  the  only  significant 
change  was  a  higher  post-training 
training-induced  increase  of  sweat  secretion 
in  NBC  protective  clothing  (1.16  ±  0.20  vs. 

1.38  ±  0.19  kg  •  h~^)  and  a  parallel  but  non¬ 
significant  trend  in  standard  combat  clothing 

(0.76  ±  0.06  vs.  0.83  ±  0.07  kg  •  /z”‘)  were  not 
accompanied  by  any  statistically  significant 
increase  in  sweat  evaporation.  Evaporative 
efficiency  thus  tended  to  decrease  (25.3  ±3.5 
vs.  21.0  ±  2.6%  in  NBC  protective  clothing;  p 
<  0.05  and  76.8  ±  2.3  vs.  74.2  ±  2.3%  in  stan¬ 
dard  combat  clothing;  NS).  The  results  sug¬ 
gest  that  endurance  training  in  a  relatively 
cool  environment  has  little  effect  on  the 
physiological  and  psychological  stresses  im¬ 
posed  by  wearing  NBC  protective  clothing  in 
hot  environments,  because  added  sweat  secre¬ 
tion  decreases  blood  volume  and  increases 
discomfort  without  augmenting  body  cooling. 


Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
J.  (1993).  Effects  of  heat  acclimation  on  heat- 
exercise  tolerance  in  untrained  and 
endurance-trained  men  wearing  NBC 
protective  clothing.  (DCIEM  93-47).  Defence 
and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  Responses  were  compared  be¬ 

tween  nine  untrained  (UT)  men  and  six  men 
who  had  participated  in  8  weeks  of  en¬ 
durance  training  (ET).  Both  groups  imderwent 


6  days  of  heat  acclimation  in  a  climatic 
chamber  that  was  maintained  at  40  ±  0.5°C 
and  30  ±  1%  rh.  Subjects  were  tested  before 
and  after  acclimation  wearing  either  stan¬ 
dard  military  combat  clothing  or  nuclear,  bi¬ 
ological  and/or  chemical  (NBC)  protective 
clothing.  Test  sessions  involved  treadmill 

walking  at  4.8  km  •  h~^  and  2%  grade  for  a 
maximum  of  120  min.  In  UT  subjects,  heat  ac¬ 
climation  increased  plasma  volume  (+8  ± 

2%),  but  VO2  max  and  heat-exercise  toler¬ 
ance  time  were  unchanged.  When  wearing 
standard  combat  clothing,  acclimation  de¬ 
creased  average  values  of  heart  rate,  rectal 
temperature  ( T^^),  mean  skin  temperature 

(  T^f^),  thermal  discomfort,  and  metabolic 
heat  production.  When  wearing  NBC  protec¬ 
tive  clothing,  the  only  significant  change 
was  in  .  Acclimation  induced  an  increase 
of  sweat  secretion  but  no  statistically  signifi¬ 
cant  increase  of  sweat  evaporation  in  NBC 
protective  clothing.  In  ET  subjects,  acclima¬ 
tion  reduced  thermal  discomfort  when  wear¬ 
ing  standard  combat  clothing,  and  and 
when  wearing  NBC  protective  clothing. 
The  results  suggest  that  heat  acclimation  did 
little  to  improve  exercise  tolerance  when 
wearing  NBC  protective  clothing  in  hot  en¬ 
vironments,  although  it  reduced  thermoregu¬ 
latory  strain  by  lowering  mean  body  temper¬ 
ature,  irrespective  of  training  status. 

Further,  acclimation  added  little  to  the  ben¬ 
efit  resulting  from  participation  in  8  weeks  of 
endurance  training  other  than  reducing  psy¬ 
chological  strain  when  wearing  standard 
combat  clothing  in  hot  environments. 


Bell,  D.  G.  (1993).  The  Influence  of  Air 
Temperature  on  the  EMG/Force  Relationship 
of  the  Quadriceps.  Eur.  /.  Appl  Physiol,  67, 
256-260. 

Abstract  Surface  electromyography 

(EMG)  in  the  past  has  been  used  to  estimate 
the  intensity  of  muscle  contraction.  These  es¬ 
timates  were  derived  from  the  EMG/Force 
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relationship  measured  at  room  temperature. 
How  the  surface  EMG  signal  is  influenced  by 
varying  air  temperature  as  it  relates  to  the 
EMG/Force  relationship  has  yet  to  be  inves¬ 
tigated.  Thus,  this  study  evaluated  the  in¬ 
fluence  of  different  air  temperatures  (10°,  23° 
and  40°C)  on  surface  EMG  during  contractions 
of  the  quadriceps  muscle.  Ten  subjects  (mean 
age  of  29±7y  and  weight  of  78.3±7.8kg)  per¬ 
formed  a  criterion  task  of  5  contractions  rang¬ 
ing  from  10  to  100%  of  a  maximal  voluntary 
contraction  (MVC)  5  times  over  a  1.5  hour  pe¬ 
riod  in  all  conditions.  The  EMG  signals  gen¬ 
erated  from  the  rectus  femoris,  and  the  forces 
associated  with  the  contractions,  were  cap¬ 
tured  on  FM  tape  and  subsequently  digitized 
at  a  sampling  rate  of  2000  Hz.  The  relation¬ 
ship  between  EMG  and  force  was  different 
imder  the  different  conditions;  EMG  was  re¬ 
duced  at  a  given  force  as  temperature  in¬ 
creased,  and  the  EMG  increased  over  time  in 
the  10°C  environment.  The  differences  that 
occurred  at  the  various  temperatures  were  be¬ 
lieved  to  be  related  to  fluid  distribution  in 
the  muscle  and  muscle  conduction  velocity. 
The  data  imply  that  the  EMG/Force  rela¬ 
tionship  measured  using  surface  electrodes  is 
influenced  by  ambient  temperature. 


Ducharme,  M.  B.,  &  Frim,  J.  (1993). 
Insulative  properties  of  two  thermo-metal 
neoprenes,  (DCIEM  93-53).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  The  objective  of  the  present 

study  was  to  compare  the  thermal  resistance 
of  two  thermometal  neoprenes  (titanium  and 
stainless  steel  coated)  to  the  current 
Canadian  Forces  Arctic  diving  suit  neoprene 
(CF-N)  in  dry  and  wet  environments.  The 
tests  in  the  dry  environment  were  conducted 
using  a  Rapid-k  thermal  conductivity  in¬ 
strument,  and  in  the  wet  environment  using  a 
custom-made  apparatus.  The  dry  tests  were 
conducted  at  1  atmosphere  in  the  laboratory, 
and  the  wet  tests  were  done  in  a  hyperbaric 
water  chamber  maintained  at  5°C  and  at 
depths  of  0, 10, 25, 50,  and  100  m.  Pre-  and 


post-dive  tests  were  performed  on  the  same 
samples  to  investigate  the  effects  of  two 
dives  on  the  thermal  resistance  of  the  neo¬ 
prenes. 

It  was  foimd  that  the  thermal  insulation  of 
the  two  thermo-metal  neoprenes  tested  was 
significantly  higher  than  that  of  the  CF-N 
in  both  the  dry  and  the  wet  environments. 
The  best  thermo-metal  neoprene,  the  stain¬ 
less  steel  coated  neoprene,  averaged  an  im¬ 
provement  of  53%  in  the  dry  and  60%  in  the 
wet  environment  (ranging  from  70%  at  0  m  to 
34%  at  100  m).  The  insulative  properties  of 
the  thermo-metal  neoprenes  were  affected, 
however,  by  the  dives,  decreasing  by  about 
12%  after  two  dives. 

It  was  concluded  that  the  stainless  steel 
thermo-metal  neoprene  could  be  a  potential 
alternative  to  the  current  CF  Arctic  diving 
suit  neoprene  but  further  testing  is  needed  on 
the  long  term  effects  of  dives  and  aging  on 
the  insulative  properties  of  the  material. 


Frim,  J,,  &  Ducharme,  M.  B.  (1993).  Heat  flux 
transducer  measurement  error  -  a  simplified 
view.  J.  AppL  Physiol,  74(4),  2040-2044. 

Abstract  Heat  flux  transducers  (HFTs) 

provide  a  simple  and  direct  measurement  of 
body  heat  exchange.  Regrettably,  HFTs  per¬ 
turb  the  heat  flux  at  the  measurement  site, 
resulting  in  imder  estimations  of  the  true 
heat  flux.  Equations  to  correct  the  discrep¬ 
ancy  are  available,  but  most  require  high 
precision  temperature  measurements  to  be 
made  above  and/or  below  the  transducer, 
and/or  deep  within  the  body  tissues.  Since 
this  is  not  always  feasible,  the  equations  are 
of  limited  practical  benefit.  A  theoretical 
basis  for  the  magnitude  of  the  correction  fac¬ 
tor  in  relation  to  the  thermal  resistances  of 
the  materials  both  above  and  below  the  HFT 
has  been  developed  and  has  been  verified 
experimentally.  The  theory  is  presented  in  a 
graph  which  can  be  used  to  derive  the  HFT 
correction  factor  directly,  or  as  a  guide  to 
know  that  heat  flux  was  measured  within  a 
certain  accuracy.  This  may  obviate  the  use  of 
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complicated  procedures  and  equations  to  per¬ 
haps  needlessly  apply  a  small  correction  fac¬ 
tor  to  HFT  data. 


Jacobs,  1.  (1993).  Fuelling  shivering  in  hu¬ 
mans  during  cold  water  immersion.  In 
AGARD  (Ed.),  AGARD  Conference 
Proceedings  on  the  Support  of  Air  Operations 
under  Extreme  Hot  and  Cold  Weather 
Conditions.,  AGARD-CP-540,  (pp.  6-1  -  6-3). 
NeuiUy  sur  Seine,  France:  AGARD. 

Abstract  Military  cold  survival  re¬ 

search  has  traditionally  concentrated  on 
ways  of  conserving  body  heat.  In  contrast, 
this  paper  will  describe  our  recent  investiga¬ 
tions  of  metabolic  heat  production  during 
cold  exposure.  In  humans  increased  heat  pro¬ 
duction  in  the  cold  is  achieved  by  increased 
shivering,  i.e.  involuntary  intermittent 
skeletal  muscle  contractions,  which  must  be 
fuelled.  Our  research  has  focused  on  the 
thermoregulatory  effects  of  manipulating 
the  availability  of  specific  fuel  substrates  to 
the  shivering  musculature.  Using  procedures 
such  as  muscle  biopsies  to  quantify  intramus¬ 
cular  substrate  utilization,  venous  blood 
sampling  to  quantify  circulating  substrates, 
and  continuous  monitoring  of  metabolic  rates 
and  rectal  temperatures  during  cold  exposure, 
we  have  demonstrated  the  importance  of 
skeletal  muscle  carbohydrates  stores  for  the 
ability  to  maintain  heat  production  and  de¬ 
lay  the  onset  of  hypothermia  during  cold 
water  immersions.  Acute  reductions  in  muscle 
carbohydrate  stores  were  associated  with 
significant  reductions  in  heat  production  by 
the  body  during  shivering,  and  a  more  rapid 
decrease  in  rectal  temperature.  In  contrast, 
another  series  of  studies  induced  acute  reduc¬ 
tions  in  circulating  fat  stores,  but  there  was 
no  effect  on  body  temperature  regulation. 

The  availability  of  sufficient  carbohydrate 
stores  to  the  shivering  musculature  seems  to 
be  critical  for  the  body's  ability  to  delay 
hypothermia  during  acute  cold  stress. 


Jacobs,  1.  (1993).  Technical  Evaluation 
Report.  In  AGARD  (Ed.),  AGARD  Conference 
Proceedings  on  the  Support  of  Air  Operations 
under  Extreme  Hot  and  Cold  Weather 
Conditions.,  AGARD-CP-540,  (pp.  T1-T5). 
Neuilly  sur  Seine,  France:  AGARD. 

Abstract 


Jacobs,  I.  (1993).  Adaptations  to  strength 
training.  In  D.  A.  D.  Macleod,  R.  J.  Maughan, 
C.  Williams,  C.  R.  Madeley,  J.  C.  M.  Sharp, 

&  R.  W.  Nutton  (Eds.),  Intermittent  High 
Intensity  Exercise:  Preparation,  stresses  and 
damage  limitation,  (pp.  27-32).  London:  E  & 
FN  Spon. 

Abstract  The  qualitative  and  quanti¬ 

tative  aspects  of  adaptations  to  aero¬ 
bic/endurance  training  have  been,  and  con¬ 
tinue  to  be,  the  focus  of  much  research.  The 
effect  of  intensity,  duration  and  frequency  of 
the  endurance  training  stimulus,  as  well  as 
genetic  predisposition  for  specific  physio¬ 
logic  adaptations,  on  the  extent  of  adapta¬ 
tions  is  well  elucidated.  Such  is  not  the  case 
for  adaptations  to  strength  training.  The 
reader  is  referred  elsewhere  for  an  excellent 
general  review  of  what  is  known  about 
strength  training  methodologies,  and  appli¬ 
cations  (Fleck  and  Kraemer,  1987). 

This  article  will  focus  on  more  recent  findings 
concerning  some  selected  skeletal  muscle  cell 
responses  to  acute  stimuli  in  the  form  of  a 
strength  training  session,  as  well  as  the  mor¬ 
phological  and  neuromuscular  adaptations  to 
specific  types  of  strength  training  sessions.  In 
addition,  a  brief  review  of  recent  literature 
documenting  the  effects  of  combining  strength 
and  endurance  training  will  also  be  pre¬ 
sented. 
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Jacobs,  L,  Hermiston,  A.  J.,  &  Symons,  J.  D. 
(1993).  Effects  of  prior  exercise  or  ammonium 
chloride  ingestion  on  muscular  strength  and 
endurance.  Med.  Sci  Sports  Exercise,  25,  809- 
814. 

Abstract  Previous  studies  have  linked 

muscular  fatigue  with  a  decrease  in  blood 
pH.  The  purpose  of  this  investigation  was  to 
determine  if  the  means  of  altering  pH  af¬ 
fected  the  extent  of  muscular  fatigue.  Thus 
the  effects  of  drug-induced  acidosis  and  exer¬ 
cise-induced  acidosis  were  compared  in  order 
to  test  the  hypothesis  that  exercise-induced 
acidosis  would  impair  subsequent  muscular 
performance  to  a  greater  extent  than  would 
chemically-induced  acidosis.  In  8  male  sub¬ 
jects  acidosis  was  induced  by  ingestion  of  0.3 
g*kg"^  ammonium  chloride  (AC)  for  one 
trial,  by  upper  body  exercise  (UBE)  for  an¬ 
other  trial,  while  a  third  trial  occurred  after 
placebo  (PL)  treatment.  After  treatment  the 
subjects  completed  a  performance  test  (PT) 
which  was  50  maximal,  bilateral  isokinetic 
knee  extensions.  Whole  blood  was  sampled 
and  analyzed  for  pH  before  (pHpj-g)  and  af¬ 
ter  (pHpQg|.)  the  PT.  pHpj-g  was  7.41,  7.26, 
and  7.26  for  PL,  UBE,  and  AC,  respectively; 
both  AC  and  UBE  decreased  pH  similarly 
compared  to  PL.  The  values  for  peak  torque 
and  total  work  performed  during  the  PT  were 
similar  for  PL  and  AC,  and  were  signifi¬ 
cantly  greater  than  for  UBE.  Six  of  the 
eight  subjects  also  performed  a  fourth  trial 
after  combined  AC  and  UBE  treatments 
which  caused  a  pHpj.g  of  7.08,  but  there  was 
no  greater  impairment  on  peak  torque  or  total 
work  than  that  caused  by  UBE  alone. 
Therefore,  a  decrease  in  pH  per  se  did  not 
attenuate  PT  performance.  The  results  disso¬ 
ciate  the  extent  of  the  impairment  from  the 
magnitude  of  the  disruption  in  blood  pH. 


Jones,  P.  J.  H.,  Jacobs,  L,  Morris,  A.,  & 
Ducharme,  M.  B.  (1993).  Adequacy  of  food 
rations  in  soldiers  during  an  Arctic  exercise 
measured  by  doubly  labeled  water.  /.  Appl 
Physiol,  75,  1790-1797. 


Abstract  To  investigate  adequacy  of 
food  rations  to  supply  energy  needs  in  cold 
temperature  environments,  caloric  expendi¬ 
ture  and  intake,  and  body  composition 
changes  were  measured  in  a  group  of  twenty 
infantry  men  during  a  10-day  field  exercise  in 
the  Canadian  Arctic.  The  study  was  carried 
out  in  March,  1992,  near  Iqaluit,  Baffin 
Island.  The  subjects  were  from  Alpha 
Company  of  the  First  Royal  Canadian 
Regiment  based  in  London,  Ontario.  Energy 
expenditure  was  measured  by  doubly  labeled 
water;  energy  intake  was  measured  b  y  com¬ 
plete  food  mtake  records;  body  composition 
changes  were  determined  using  isotope  dilu¬ 
tion  and  bioelectrical  impedance  techniques. 
The  average  daily  energy  expenditure  was 
calculated  to  be  4317  ±  927  kcal  and  the  self 
reported  caloric  intakes  were  reported  to  be 
only  2633  ±  499  kcal  daily.  The  ration  packs 
contained  approximately  4350  kcal  per  day. 
The  body  composition  changes  were  minimal, 
however,  suggesting  that  the  food  intake 
was  significantly  under-reported.  The  en¬ 
ergy  needs  of  most  of  the  subjects  were  being 
met  by  rations  and  available  food  supple¬ 
ments.  The  field  trial  involved  only  low  to 
moderate  levels  of  physical  exertion;  if  more 
intense  physical  activity  were  to  be  carried 
out  for  a  more  prolonged  duration  than  the 
present  Arctic  ration  pack  would  be  insuffi¬ 
cient  to  avoid  a  cumulative  caloric  deficit. 


McLellan,  T.  M.  (1993).  Work  performance  at 
40°C  with  Canadian  Forces  biological  and 
chemical  protective  clothing.  Aviat.  Space 
Environ.  Med.,  64,  1094-1100. 

Abstract  This  study  examined  the  ef¬ 
fects  of  a  hot  environmental  temperature 
(40°C  and  50%  relative  humidity)  and 
metabolic  rate  on  soldiers'  tolerance  time 
(IT)  while  wearing  various  levels  of  the 
Canadian  Forces  biological  and  chemical 
(BC)  defence  protective  clothing.  The  sub¬ 
jects,  19  unacclimatized  males,  were  assigned 
to  exercise  at  either  a  light  intermittent  (LI) 
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(N  =  4),  light  continuous  (LC)  (N  =  5),  moder¬ 
ate  continuous  (MC)  (N  =  5)  or  heavy  continu¬ 
ous  (HC)  (N  =  5)  metabolic  rate.  For  groups  LI 
and  LC,  exercise  involved  walking  on  a 
treadmill  at  4.0  km/h  with  a  0%  grade  and 
lifting  10  kg  boxes.  LI  alternated  between  15 
min  of  exercise  and  15  min  of  rest.  Group  MC 
walked  at  4.8  km/h  with  a  3%  grade  and 
lifted  15  kg  boxes.  Group  HC  walked  at  4.8 
km/h  with  a  7.5%  grade  and  lifted  20  kg 
boxes.  Subjects  were  tested  wearing  three 
levels  of  clothing  protection:  combat  clothing 
(L),  combat  clothing  and  a  semi-permeable 
BC  overgarment  (M);  combat  clothing  and  BC 
overgarment,  gloves,  boots  and  respirator 
(H).  TT  was  the  time  until  rectal  tempera¬ 
ture  reached  39.3°C,  heart  rate  reached  95% 
maximum,  dizziness  or  nausea  precluded  fur¬ 
ther  exercise,  or  5  h  had  elapsed.  For  group 
LI,  TT  was  similar  for  L(137  ±  15  min)  and  M 
(117+  9  min)  clothing.  TT  was  significantly 
reduced  for  H  (67  ±  6  min)  clothing.  For  group 
LC,  TT  was  greater  for  L  (91  ±  11  min)  com¬ 
pared  with  either  M  (68  +  7  min)  or  H  (55  ±  2 
min)  clothing.  For  group  MC,  TT  was  greater 
for  L  (51  +  5  min)  compared  with  H  (35  ±  2 
min)  but  TT  for  both  of  these  levels  of  protec¬ 
tive  clothing  was  not  different  from  M  (44  ±  2 
min)  clothing.  Finally,  for  group  HC,  TT  was 
significantly  reduced  from  L  (43  ±  6  min)  to  M 
(32  ±  6  min)  to  H  (25  ±  3  min)  clothing.  The 
decreasing  curvilinear  relationship  between 
TT  and  the  average  metabolic  rate  was  de¬ 
scribed  by  a  hyperbolic  function  for  each 
level  of  BC  protection.  The  vertical  asymp¬ 
tote  of  these  functions  defined  the  metabolic 
rate  associated  with  infinite  TT.  For  each 
level  of  BC  protection,  a  resting  metabolic 
rate  was  above  the  value  associated  with  in¬ 
finite  TT.  These  findings  implied  that  even 
imder  resting  conditions  body  heat  storage 
and  the  increase  in  core  temperature  would 
continue.  Although  intermittent  rest  periods 
alone  may  not  reduce  the  risk  of  heat  casual¬ 
ties,  tolerance  time  will  be  increased. 


McLeUan,  T.  M.,  &  Jacobs,  I.  (1993). 
Reliability,  reproducibility  and  validity  of 
the  individual  anaerobic  threshold.  Eur.  J. 
Appl  Physiolr  67,  125-131. 

Abstract  The  individual  anaerobic 
threshold  (lAT)  is  defined  as  the  highest 
metabolic  rate  at  which  blood  lactate  (LA) 
concentrations  are  maintained  at  a  steady- 
state  during  prolonged  exercise.  The  validity 
of  this  definition,  however,  has  not  been  sub¬ 
stantiated.  Eleven  males  ( max  =  57.8 
mL/  kg/  min)  did  two  maximal  incremental 
cycle  exercise  tests  (30  W  and  4  min  per  step). 
Blood  was  sampled  repeatedly  during  exer¬ 
cise  and  for  9  min  during  the  subsequent  light 
active-recovery  period.  The  subjects  then  ex¬ 
ercised  at  the  power  output  equivalent  of  lAT 
for  45  min,  until  they  could  no  longer  continue 
or  until  rectal  temperature  reached  39  de¬ 
grees  C.  Subjects  performed  two  additional 
exercise  tests.  The  intensity  of  these  tests  de¬ 
pended  upon  the  LA  and  acid-base  responses 
during  the  last  15-min  of  at  least  30-min  of 
exercise  at  lAT.  If  a  steady-state  was 
achieved  (LA,  pH  and  PC02  changed  less 
than  0.5  mmol/  L,  0.005  pH  units  and  2.0 
mmHg,  respectively)  or  decreasing  La  and  in¬ 
creasing  pH  values  were  observed,  then  the 
second  test  was  performed  at  LAT  +  5% 

max  and  the  third  session  at  either  LAT 

+  2.5%  or  +  7.5%  YO^  max .  Conversely,  if  a 
steady-state  was  not  achieved  during  exer¬ 
cise  at  the  calculated  lAT,  the  intensity  of 

the  second  test  was  set  at  LAT  -  5%  max . 
Depending  on  the  LA  and  acid-base  responses 
during  this  test,  the  final  session  was  per¬ 
formed  at  either  lAT  -  2.5%  or  -  7.5% 

y(92max.  Test-retest  reliability  for  the  de¬ 
termination  of  LAT  was  high  (r  =  0.98,  SEest 

was  8  W  or  2%  YO^  max )  and  the  method 
was  reproducible  (240.3  W  for  test  1  and  236.6 
W  for  test  2).  However,  only  four  subjects 
completed  at  least  30  min  of  exercise  at  LAT 
with  steady-state  La  and  acid-base  re¬ 
sponses.  None  of  these  subjects  showed 

steady-state  responses  at  +5%  YO^  max 
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above  lAT  and  only  one  met  the  criteria  at 

+2.5%  VO2  max  above  lAT.  Therefore,  for 
these  individuals  the  incremental  exercise 
test  underestimated  the  "true”  lAT  by  less 

than  5%  VO2  max .  For  the  other  seven  sub¬ 
jects,  four  met  the  steady-state  criteria  at 

both  -5%  and  -2.5%  VO2  max  below  the  cal¬ 
culated  lAT  suggesting  the  "true"  lAT  was 

overestimated  by  less  than  2.5%  VO2  max. 
For  two  of  the  remaining  subjects,  the  incre¬ 
mental  exercise  test  overestimated  the  "true" 

lAT  by  at  least  7.5%  VO2  max.  Therefore, 
the  maximal  incremental  exercise  test  fol¬ 
lowed  by  a  light  active  recovery  period  will 
produce  a  reliable  and  reproducible  estimate 
of  lAT  which  is  valid  for  the  majority  of 
subjects.  However,  since  the  method  overes¬ 
timates  the  "true"  lAT  for  some  individuals, 
the  procedure  cannot  be  assumed  (without 
verification)  to  be  valid  for  all  subjects. 


McLellan,  T.  M.,  Jacobs,  L,  &  Bain,  J.  B. 

(1993).  Influence  of  temperature  and 
metabolic  rate  on  work  performance  with 
Canadian  Forces  NBC  clothing.  Aviat.  Space 
Environ.  Med.,  64,  587-594. 

Abstract  This  study  examined  the  ef¬ 

fects  of  environmental  temperature  and 
metabolic  rate  on  soldiers’  work  tolerance 
time  (WTT)  while  wearing  various  levels  of 
nuclear,  biological  and  chemical  (NBC)  de¬ 
fence  protective  clothing.  Twenty-three  un¬ 
acclimatized  males  (23  ±  3  y,  76  ±  8  kg,  1.77  ± 
0.08  m)  were  assigned  to  exercise  at  either  a 

light  (walking  1.11  m  •  0%  grade,  alter¬ 

nating  with  lifting  10  kg)  or  heavy  metabolic 

rate  (walking  1.33  m  •  s~^  7.5%  grade,  alter¬ 
nating  with  lifting  20  kg)  in  an  environmen¬ 
tal  chamber  at  either  18°C,  50%  R.H.  (cool) 
or  30°C,  50%  R.H.  (warm).  Subjects  were 
tested  wearing  three  levels  of  clothing  pro¬ 
tection:  combat  clothing  (L);  combats  and  a 
semi  permeable  NBC  overgarment  (M);  com¬ 
bats  and  NBC  overgarment,  gloves,  boots  and 
respirator  (H).  WTT  was  the  time  imtil  rec¬ 


tal  temperature  (T^^)  reached  39.3’^C,  heart 
rate  reached  95%  maximxim,  dizziness  or  nau¬ 
sea  precluded  further  exercise,  or  5  h  had 
elapsed.  During  the  light  and  cool  trials 
(N=5),  wearing  M  or  H  did  not  impair  WTT 
(277  ±  47  min).  For  the  light  and  warm  exper¬ 
iments  (N=6),  WTT  was  significantly  im¬ 
paired  with  H  (82.7  ±  10.6  min).  With  the 
heavy  and  cool  condition  (N=6),  WTT  was 
reduced  with  M  (240.5  ±  73.8  min)  and  H  (56.7 
±  17.9  min).  Finally,  during  the  heavy  and 
warm  trials  (N=6),  WTT  was  progressively 
impaired  for  L  (172.5  ±  52.8  min),  M  (65.8  ± 
18.2  min)  and  H  (34.0  ±  9.7  min)  levels  of  pro¬ 
tection.  These  data  quantify  the  impairment 
in  physical  work  performance  associated 
with  wearing  the  Canadian  Forces  NBC  pro¬ 
tective  clothmg  as  the  metabolic  rate  and/or 
the  environmental  temperature  is  increased. 


McLellan,  T.  M.,  Jacobs,  L,  &  Bain,  J.  B. 

(1993).  Continuous  versus  intermittent  work 
with  Canadian  Forces  NBC  clothing.  Aviat. 
Space  Environ.  Med.,  64,  595-598. 

Abstract  This  study  examined  the 

benefits  of  work  and  rest  schedules  on  sol¬ 
diers'  work  tolerance  time  (WTT)  while 
wearing  various  levels  of  nuclear,  biological 
and  chemical  (NBC)  defence  protective 
clothmg  in  a  warm  environment  (30°C  and 
50%  R.H.).  Eight  unacclimatized  males  were 
assigned  to  exercise  at  either  a  light 

(walking  1.11  m  •  s~'’  0%  grade,  alternating 
with  lifting  10  kg)  or  heavy  metaboHc  rate 

(walking  1.33  m  •  5”’  7.5%  grade,  alternat¬ 
ing  with  lifting  20  kg).  Subjects  were  tested 
wearing  three  levels  of  clothing  protection: 
combat  clothing  (L);  combats  and  a  semi- 
permeable  NBC  overgarment  with  the  hood 
down  (M);  combats  and  NBC  overgarment, 
gloves,  boots  and  respirator  (H).  For  each 
clothing  configuration,  subjects  were  evalu¬ 
ated  using  bo&  a  "continuous"  exercise  proto¬ 
col  and  an  intermittent  work  and  rest  sched¬ 
ule.  WTT  was  defined  as  the  time  imtil  rectal 
temperature  ( )  reached  39.3°C,  heart 


HPSD  Bibliography 


110 


1986-1994 


51CA  -  Physical  Performance  and  Thermal  Stress 


rate  reached  95%  maximum,  dizziness  or  nau¬ 
sea  precluded  further  exercise,  or  5  h  had 

elapsed.  Assuming  a  resting  VO2  max  of  4 

kg  •  min'’  an  average  metabolic  rate  was 
calculated  for  all  trials.  A  decreasing  hyper¬ 
bolic  function  described  the  relationship  be¬ 
tween  WTT  and  metabolic  rate  for  M  and  H. 
These  relationships  facilitate  quantification 
of  appropriate  work  and  rest  schedules  if  the 
metabolic  rate  of  a  task  is  known. 


Tikuisis,  P.,  &  Ducharme,  M.  B.  (1993). 
Quantification  of  Steady  State  Heat 
Transfer  in  the  Upper  Limbs.  In  R.  E. 
Reinersten,  A.  O.  Brubakk,  &  G.  Bolstad 
(Ed.),  19th  Annual  Meeting  of  European 
Undersea  Biomedical  Society,  (pp.  71-74). 
Trondheim,  Norway:  SINTEF  UNIMED. 

Abstract  An  experiment  was  conducted 
to  examine  the  role  of  convective  heat  trans¬ 
fer  in  the  limbs  by  measuring  the  steady 
state  heat  flux  at  various  sites  on  a  subject's 
forearm  and  hand  during  its  immersion  in  a 
water  bath  under  two  temperature  condi¬ 
tions,  20  and  38°C.  Heat  flux  was  measured 
along  the  circumference  of  the  middle  finger, 
^d  at  the  distal,  medial,  and  proximal  por¬ 
tions  of  the  forearm  using  4,5,6,  and  8  recali¬ 
brated  heat  flux  transducers,  respectively. 
Steady  state  was  attained  within  3  h  of  im¬ 
mersion  and  this  was  followed  by  a  0.5  h  pe¬ 
riod  of  arterial  occlusion  of  the  forearm  to  as¬ 
certain  the  metabolic  contribution  from  the 
resultant  asymptotic  heat  flux  levels.  The 
mean  measured  heat  fluxes  (+  SE)  at  steady 
state  before  occlusion  at  20'’C  were  0.8  (0.3), 

22.1  (5.9),  37.0  (2.8),  and  69.1  (2.7)  w  •  m’^  , 
and  at  38°C  were  -9.8  (2.6),  -16.6  (2.0),  -11.4 

(1.8),  and  -8.6  (1.0)  w  •  m'’’  (-ve  values  indi¬ 
cate  a  heat  gain)  for  the  finger,  distal,  me¬ 
dial,  and  proximal  sites,  respectively.  Upon 
removal  of  the  metabolic  contributions  and 
conversion  of  the  resultant  convective  heat 
transfers  ( includes  a  small  longitudinal  con¬ 
ductive  component)  to  volumetric  units  de¬ 
noted  as  be,  steady  state  values  ranged  from 


45  (finger)  to  4408  (proximal)  w  •  m'^  for 
20°C  and  from  -824  (medial)  to  -3296  (distal) 

w  .  m'”  for  38°C.  The  highest  levels  of  heat 
transfer  in  the  forearm  under  both  water 
temperature  conditions  occurred  at  sites  over 
the  major  arteries;  the  ratio  of  highest  to 
lowest  heat  transfers  from  distal  to  proximal 
forearm  were  9.71, 3.65,  and  1.81  for  20=C,  and 
3.63, 2.50,  and  1.43  for  38°C.  These  results 
may  be  applicable  for  minimizing  heat  loss 
or  maximizing  heat  recovery  in  the  upper 
limbs  during  thermal  stress. 


Vallerand,  A.  L.  (1993).  Effects  of 
ephedrine/xanthines  mixtures  on  thermogen¬ 
esis  and  cold  tolerance.  Intnl.  J.  Obesity  17 
(Suppl.  1),  S53-S56. 

Abstract  This  paper  reviews  the  use  of 
ephedrine  (E)  and  xanthines  (X)  to  improve 
thermogenesis  and  cold  tolerance.  Recent  ex¬ 
periments  in  cold-exposed  subjects  have 
shown  that  the  beneficial  effect  of  the  inges¬ 
tion  of  an  E/ caffeine  (C)  capsule  on  metabolic 
rate  (M),  heat  debt,  body  core  temperature 
(Tc)  (P<0.05)  is  entirely  comparable  to  that 
observed  with  an  E/C/ theophylline  (T)  cap¬ 
sule.  Although  T  has  been  reported  to  reduce 
the  drop  in  Tc  in  several  studies,  these  im¬ 
provements  are  difficult  to  explain  in  the  ab¬ 
sence  of  changes  in  M.  A  theobromine-based 
chocolate  bar  (Cold  Buster™)  has  been  simi¬ 
larly  shown  to  reduce  the  drop  in  Tc. 

However,  such  a  claim  could  not  be  subse¬ 
quently  confirmed.  Despite  an  increase  in  M 
in  some  studies,  C  had  no  effect  on  Tc  in  the 
cold.  It  is  concluded  fhat  E/X  represent  at  the 
moment,  the  best  pharmacological  agents  to 
enhance  cold  thermogenesis  and  to  delay  the 
onset  of  hypothermia  in  humans. 


Vallerand,  A.  L.,  &  Jacobs,  I.  (1993). 
Interaction  of  a  food  supplement,  intermit¬ 
tent  exercise  and  cold  exposure  on  heat  bal¬ 
ance.  (DCIEM  93-19).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 
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Abstract  Our  recent  human  studies  do 

not  support  the  theory  that  energy  substrate 
mobilization  is  a  limiting  factor  for  cold-in¬ 
duced  heat  production  (M).  One  possible  ex¬ 
planation  for  these  conflicting  results  is  that, 
since  our  studies  were  performed  at  rest,  our 
rates  of  energy  substrate  mobilization  and  M, 
were  simply  too  low  to  exploit  the  effects  of 
feeding  and  methylxanthines  on  substrate 
mobilization  and  M  in  the  cold  (Wang,  et  al. 
1989).  The  goal  of  this  study  was  therefore  to 
test  this  hypothesis  by  determining  whether 
the  ingestion  of  a  xanthine-containing  food 
supplement  in  cold-exposed  subjects  perform¬ 
ing  intermittent  exercise,  increases  M  and 
thus  reduces  the  heat  debt.  Eight  semi-nude 
fasted  subjects  were  exposed  for  3h  at  0°C,  0.5 

m  •  s  ^  wind  (alternate  10  min  waLk/20  min 
rest  periods)  on  two  occasions  following  the 
ingestion  (at  min  -5)  of  either  a  300  kcal  food 
supplement  (high-carbohydrate  cookie  con¬ 
taining  100  mg  of  the  methylxanthine,  theo¬ 
bromine)  or  a  placebo  (relatively  similar 
supplement  without  theobromine)  under  dou¬ 
ble-blind  placebo-controlled  conditions.  M 
was  increased  in  the  cold  on  average  by  as 
much  as  3.4  fold  at  rest  and  by  6.7  fold  with 
exercise,  compared  to  normal  resting  values 
at  thermal  neutrality.  However,  there  were 
no  differences  due  to  the  food  supplement  ei¬ 
ther  at  rest  or  during  exercise.  Heat  debt  as 
well  as  rectal  and  mean  skin  temperatures 
were  similarly  unaffected  by  the  food  sup¬ 
plement.  Substrate  oxidation  was  slightly 
altered  by  the  ingestion  of  the  food  supple¬ 
ment,  as  indicated  by  a  significant  increase  in 
non-protein  respiratory  exchange  ratio 
(p<0.05),  a  tendency  for  an  increase  in  carbo¬ 
hydrate  oxidation  and  a  decrease  in  lipid  ox¬ 
idation,  in  comparison  to  the  placebo  (n.s.). 

In  conclusion,  the  present  study  demonstrates 
that  even  though  intermittent  exercise  in  the 
cold  markedly  increases  M,  ingesting  energy 
substrates  and  theobromine  does  not  offer  any 
benefit  with  respect  to  M,  heat  debt  or  body 
temperatures  in  comparison  to  substrates 
alone.  Further,  it  is  suggested  that  in  hu¬ 
mans,  energy  substrate  mobilization  is  not  a 
limiting  factor  for  the  production  of  heat, 
even  during  intermittent  exercise  in  the  cold. 


Vallerand,  A.  L.,  &  Jacobs,  1.  (1993).  Effects 
of  a  high-energy  food  supplement  on  cold- 
induced  thermogenesis.  (DCIEM  93-36). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  In  previous  studies 
(Vallerand  et  al.  1992c,  In  Press;  Vallerand 
&  Jacobs  1993),  we  have  not  been  able  to  show 
any  influence  of  the  ingestion  of  energy  sub¬ 
strates  on  cold-induced  theimogenesis  (M), 
in  contrast  to  the  theory  that  energy  sub¬ 
strate  mobilization  is  a  limiting  factor  for 

cold-induced  M  in  humans  (Wang  et  al. 

1986,  1987,  1989).  One  possible  explanation 
for  our  conflicting  results,  is  that  a  higher  or 
optimal  dose  of  energy  substrates  is  required 

to  observe  a  beneficial  effect  on  M .  The  goal 
of  this  study  was  therefore  to  determine 
whether  the  ingestion  of  a  high-energy  food 
supplement  (710  kcal  or  2,970  kj)  in  the  cold 
could  alter:  1)  M,  2)  heat  balance  [min  by  min 

determination  of  heat  debt  (S)  where  S  =  M 
-  heat  losses,  via  partitional  calorimetry],  3) 
rectal  ( T^^ )  and  4)  mean  skin  temperatures 

( Tj.j^),  5)  rates  of  substrate  oxidation  and  6) 
plasma  levels  of  substrates  and  hormones, 
taken  as  indices  of  substrate  mobilization. 
Seven  healthy  males  were  subjected  to  two 
semi-nude  cold  exposure  tests  (3h  at  7‘^C, 

1  m  •  S"^  wind,  fasting,  tests  performed  1  wk 
apart,  after  proper  familiarization).  The 
high-energy  supplement  (Eiisure  Plus"^^)  was 
ingested  in  three  equal  drinks  after  5  min,  one 
h  and  two  h  of  the  3  h  test.  Data  were  ana¬ 
lyzed  by  repeated  measures  ANOVA.  The 

supplement  did  not  influence  either  T^j^, 

average  M  (127.5±9.6  vs  129.7+10.4 

W  •  m“^,  for  the  supplement  vs  placebo  re¬ 
spectively)  or  total  S  (22.6+1.5  vs  22.8+1.4 

kJ  •  kg  *)  in  comparison  to  the  placebo  test 
in  the  same  subjects.  This  absence  of  changes 
occurred  even  though  the  supplement  in¬ 
creased  carbohydrate  mobilization  (plasma 
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glucose  and  insulin  levels  were  significantly 
increased)  and  oxidation  (0.38+0.02  vs 

0.50±0.06  g  •  min'‘;  +32%,  P<0.05;  for  the 
placebo  vs  supplement,  respectively)  at  the 
expense  of  lipid  mobilization  (plasma  glyc¬ 
erol  and  FFA  were  significantly  reduced)  and 
oxidation  (0.20+0.02  vs  0.14+0.02 

g  •  min'‘;for  the  placebo  vs  supplement,  re¬ 
spectively;  -32%,  p<0.05).  Further,  the  sup¬ 
plement  was  also  associated  with  lower 
epinephrine  levels  (-40%,  P<0.05)  and 
slightly  lower  norepinephrine  levels  (-18%, 
n.s.)  in  comparison  to  the  placebo  test.  The 
present  results  demonstrate  that  the  inges¬ 
tion  of  a  food  supplement  that  erdiances  en¬ 
ergy  substrate  mobilization  and  oxidation, 
does  not  alter  either  cold  thermogenesis,  the 
heat  debt,  or  body  temperatures  in  humans, 
under  normal  conditions.  Taken  together 
with  previous  studies  (Vallerand  et  al. 

1992c,  In  Press;  Vallerand  &  Jacobs  1993),  the 
present  results  do  not  lend  support  to  the  the¬ 
ory  that  substrate  mobilization  per  se  is  a 
limiting  factor  for  cold  thermogenesis  in  hu¬ 
mans,  even  after  the  ingestion  of  as  much  as 
710  kcal  (2,970  kj)  of  substrates.  It  is  there¬ 
fore  recommended  that  other  mechanisms  of 
action  regulating  cold-induced  thermogenesis 
should  be  investigated. 


Vallerand,  A.  L.,  Tikuisis,  P.,  Ducharme,  M. 
B.,  &  Jacobs,  I.  (1993).  Is  energy  substrate 
mobilization  a  limiting  factor  for  cold 
thermogenesis?  Eur.  J.  Appl.  Physiol,  67, 
239-244. 

Abstract  Energy  substrate  mobiliza¬ 
tion  has  been  suggested  as  being  a  limiting 
factor  for  the  rate  of  cold  induced  thermogen¬ 
esis  (metabolic  heat).  The  evidence  support¬ 
ing  this  hypothesis  in  humans  however,  is 
not  convincing  and  the  hypothesis  has  yet  to 
be  tested  in  a  rigorous  manner  using  a  fuU 
heat  balance  analysis  (partitional  calorime- 
try).  The  goal  of  this  study  was  therefore  to 
re-investigate  whether  enhancing  energy 
substrate  mobilization  by  feeding  cold-ex¬ 
posed  subjects  would  improve  metabolic  heat 


production  and  affect  heat  debt  (the  minute- 
by-minute  balance  of  heat  production  and 
heat  losses)  as  well  as  rectal  and  mean  skin 
temperatures  .  Nine  healthy  semi-nude 
fasted  subjects  were  exposed  to  5°C  (3h  at 

rest,  1  m  •  s  wind)  on  three  occasions  fol¬ 
lowing  two  ingestions  of  either:  1)  a  placebo; 
2)  710  kJ  of  pure  carbohydrates  (100%-CHO), 
or  3)710  kJ  of  a  high  carbohydrate  bar 
(High-CHO).  As  expected  in  the  cold,  rectal 
and  mean  skin  temperatures  decreased 
whereas  M,  heat  debt  (S)  and  heat  losses  in¬ 
creased  (P<0.01).  However,  there  were  no 
differences  between  treatments.  During  the 
CHO  treatment,  rates  of  carbohydrate  oxi¬ 
dation  were  the  highest  and  fat  oxidation 
the  lowest  (P<0.05)  whereas  the  Cold  • 
Buster'  caused  smaller  changes.  The  results 
demonstrate  that  in  the  cold,  enhancing  en- 
ergy  substrate  mobilization  by  ingesting  sub¬ 
strates  in  the  form  of  either  pure  carbohy¬ 
drates  or  the  Cold  Buster  does  not  cause  de¬ 
tectable  changes  in  M,  heat  loss,  S  or  body 
temperatures,  compared  to  the  ingestion  of  a 
placebo.  The  results  do  not  support  the  the¬ 
ory  that  energy  substrate  mobilization  is  a 
limiting  factor  for  cold-induced  thermogene¬ 
sis  m  humans. 


1994 

Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
J.  (1994).  Effects  of  training  and  acclimation 
on  heat  tolerance  in  exercising  men  wearing 
protective  clothing.  Eur.  J.  Appl  Physiol, 
68,  234-245. 

Abstract  This  study  examined  the  ef¬ 
fectiveness  of  endurance  training  and  heat 
acclimation  in  reducing  the  physiological 
strain  imposed  by  exercising  in  the  heat 
while  wearing  protective  clothing.  Seven 
young  men  underwent  8  weeks  of  physical 
training  (60-80%  maximal  aerobic  power 

( VOj  max  )  for  30-45  min*  day~^ ,  3-4 

days  •  week~'  at  <  25'’C)  followed  by  6  days 
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of  heat  acclimation  (45-55%  VO2  max  for  60 

min®  da’yT^  at  40°C,  30%  relative  humid¬ 
ity).  Nine  other  young  men  underwent  corre¬ 
sponding  periods  of  control  observation  and 
heat  acclimation.  Before  and  after  each 
treatment,  subjects  completed  a  treadmill 

walk  (4.8  hn  •  /z  ^  ,  2%  grade)  in  a  climatic 
chamber  (40°C,  30%  relative  humidity), 
wearing  in  turn  normal  combat  clothing  or 
clothing  protecting  against  nuclear,  biologi¬ 
cal  ,  and  chemical  (NBC)  agents.  Criteria  for 
halting  this  test  were:  (1)  a  rectal  tempera¬ 
ture  (  of  39.3'^C;  (2)  a  heart  rate  (f^  )  ^ 
95%  of  the  subject's  observed  maximum, 
maintained  for  3  min;  (3)  unwillingness  of  the 
subject  to  continue;  (4)  the  elapse  of  120  min. 
The  training  regimen  increased  mean 

y02  max  by  16%  and  mean  plasma  volume 
by  8%.  When  tested  in  normal  combat  cloth¬ 
ing,  the  rates  of  increase  in  and  f  ^  were 
slower  after  training.  However,  when  wear¬ 
ing  NBC  protective  clothing,  the  only  signif¬ 
icant  change  induced  by  training  was  a 

higher  mean  skin  temperature  ( T^j^)  in  the 
early  part  of  the  test.  Heat  acclimation  in¬ 
creased  the  mean  plasma  volume  of  im- 

trained  subjects  by  8%,  but  their  VO2  max 
remained  unchanged.  When  tested  in  normal 
combat  clothing,  acclimation  decreased  their 
mean  values  of  and  metabolic 

rate.  When  wearing  NBC  protective  cloth¬ 
ing,  the  only  significant  decrease  after  ac¬ 
climation  was  in  overall  .  In  trained  sub¬ 
jects,  heat  acclimation  induced  no  further 
improvements  in  any  physiological  variable 
when  wearing  normal  combat  clothing,  but 

reduced  overall  and  when  wearing 
NBC  protective  clothing.  Training-  or  accli¬ 
mation-induced  increases  of  sweat  secretion 

(an  average  increment  of  0.14-0.23  kg  •  ) 

were  not  accompanied  by  any  statistically 
significant  increase  in  sweat  evaporation 
when  wearing  NBC  protective  clothing. 
Moreover,  tolerance  times  were  unchanged  in 
either  normal  combat  (116-120)  or  NBC  pro¬ 
tective  clothing  (47-52  min).  We  conclude 


that  neither  endurance  training  nor  heat  ac¬ 
climation  do  much  to  improve  exercise  toler¬ 
ance  when  wearing  NBC  protective  clothing 
in  hot  enviromnents,  because  any  added 
sweat  secretion  decreases  blood  volume  and 
increases  discomfort  without  augmenting 
body  cooling. 


Bain,  B.,  Jacobs,  L,  &  Buick,  F.  (1994). 
Electromyographic  indices  of  muscle  fatigue 
during  simulated  air  combat  manoeuvring. 
Aviat.  Space  Environ.  Med.,  65,  193-198. 

Abstract  Pilots  exposed  to  high  lev¬ 

els  of  headward  (+Gz)  acceleration  must 
perform  voluntary  muscle  contractions  in  or¬ 
der  to  maintain  head-level  arterial  pres¬ 
sure.  To  study  the  possibility  that  muscu¬ 
lar  fatigue  can  limit  man's  +Gz  duration  tol¬ 
erance,  electromyographic  (EMG)  activity 
and  EMG  indices  of  muscular  fatigue  were 
measured  during  a  simulated  air  combat  ma¬ 
noeuvring  (SACM)  centrifuge  profile. 

Eight  experienced  male  volimteers  were  ex¬ 
posed  to  a  +4-7Gz  centrifuge  profile  mtil  vo¬ 
litional  fatigue.  Electrical  activity  (EMG) 
was  recorded  in  7  muscles:  biceps  brachii 
(BB),  latis-simus  dorsi  (LD),  pectoralis  major 
(PM),  rectus  abdominis  (RA),  vastus  later¬ 
alis  (VL),  biceps  femoris  (BF)  and  gastroc¬ 
nemius  (GN).  EMG  and  force  during  isomet¬ 
ric  contractions  of  the  same  muscles  were 
also  recorded  at  IG.  Root  mean  square  (RMS) 
and  mean  power  frequency  (MPF)  were  calcu¬ 
lated  for  each  second  of  EMG  data.  G-toler- 
ance  time  averaged  256  +  33  s  (mean  +  SD). 
RMS  activity  was  expressed  relative  to  ac¬ 
tivity  during  a  maximal  muscle  contraction. 
The  mean  values  (%)  for  each  muscle  during 
the  7G  plateau  were:  RA,  30.8;  BB,  26.4; 
LD,44.0;  PM,  48.5;  VL,43.4;  BF,31.4;  GN, 
39.3.  The  estimated  level  of  contraction  rela¬ 
tive  to  a  MVC  (%)  was:  RA,  36.6;  BB,  30.5; 

LD,  43.9  and  PM,  61.4.  There  was  no  signifi¬ 
cant  difference  between  contraction  levels  for 
any  of  the  muscles  studied.  RMS  activity 
did  not  increase  over  time  and  MPF  decreased 
significantly  only  inBF  and  LD,  however. 
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these  decreases  were  small.  EMG  activity 
and  estimated  contraction  intensities  were 
considered  to  be  low  to  moderate.  These  re¬ 
sults  suggest  that  it  is  unlikely  that  fatigue 
in  the  muscles  studied  would  Hmit  G-toler- 
ance  time. 


Bourdon,  L.,  Jacobs,  L,  &  Vallerand,  A. 

(1994).  The  effects  of  Modafinil  on  heat 
production  and  regulation  of  body  tempera¬ 
tures  in  cold  exposed  humans.  Aviat,  Space 
Environ.  Med.,  65,  999-1004. 

Abstract  Military  persormel  often 

undergo  sustained  operations  that  affect  vig¬ 
ilance  and  alertness.  Pharmacological  agents 
may  be  used  to  enhance  vigilance.  Most  such 
agents  also  have  thermogenic  properties. 
Whether  a  new  promising  stimulant, 
modafinil  (Lyons  &  French,  Aviat.  Space 
Environ.  Med.  1991;  62:  432-435),  has  a  bene¬ 
ficial  effect  on  cold  tolerance  in  the  military 
context,  is  not  known.  The  goal  of  this  study 
was  therefore  to  evaluate  the  effect  of  this 
new  drug  on  thermal  balance  and  the  regula¬ 
tion  of  body  temperatures  in  neutral  condi¬ 
tions  and  when  challenged  by  a  cold  expo¬ 
sure.  Nine  subjects  imderwent  three  trials 
each:  two  in  the  cold  (3  h  at  rest,  10  °C)  0.5  h 
after  the  ingestion  of  either  placebo  or 
modafinil  (200  mg),  and  one  in  thermal  neu¬ 
trality  with  modafinil  (same  conditions  ex¬ 
cept  =  29.3  °C),  As  expected,  cold  pro¬ 
duced  a  drop  in  Treand  and  an  in¬ 

crease  in  VO2.  Although  non-sigriif leant, 
there  was  a  tendency  for  a  slightly  greater 
drop  in  Tj.g  with  modafinil  (0.65  °C  vs  0.57  °C 
with  placebo).  A  similar  tendency  was  fotind 
for  the  heat  debt  (S)  which  was  greater  with 
modafinil  than  with  placebo  (16.1  ±  0.7  vs 

14.7  ±0.6  kJ  •kg\  respectively,  +9.5%, 
p=0.11).  This  tendency  appears  to  be  the 
combined  result  of  a  slightly  lower  mean 
heat  production  during  the  test  and  a 
slightly  greater  mean  dry  heat  loss.  When 
tested  at  thermal  neutrality  the  drug  had  no 


effect  on  any  thermal  or  metabolic  parame¬ 
ters.  The  results  demonstrate  that  the  inges¬ 
tion  of  a  single  dose  of  modafinil  has  no  sig¬ 
nificant  acute  effect  on  thermal  balance  in 
neutral  conditions  and  on  thermoregulation  in 
normal  subjects  exposed  to  cold.  However,  a 
tendency  for  slightly  greater  cooling  was 
noted  with  modafinil.  It  is  not  known 
whether  the  use  of  modafinil  in  conjimction 
with  sleep  deprivation  (a  likely  scenario) 
could  magnify  this  effect. 


Bourdon,  L.,  Vallerand,  A.  L.,  Jacobs,  L,  & 
Bell,  D.  G.  (1994).  Effet  de  la  prise  de 
psychotropes  sur  la  tolerance  a  une  exposition 
aigue  au  froid  chez  Thomme.  Trav.  Scient., 
15. 

Abstract  Parmi  les  contraintes  des 

operations  militaires,  le  froid  et  le  manque 
de  sommeU  sont  tres  frequemment  observes. 

La  gestion  des  periodes  de  repos  peut  amener 
le  combattant  a  prendre  des  substances  psy¬ 
chotropes  favorisant  ou  retardant  le  som- 
meil.  Les  effets  de  telles  substances  sur  la 
tolerance  au  froid  sont  en  general  mecormue. 
Le  retentissement  des  substances  psy¬ 
chotropes  sur  la  thermo-regulation  est  com- 
plexe;  il  depend  du  type  de  contrainte  ther- 
mique  (chaud  ou  froid),  de  la  nature  de  la 
substance,  en  particulier  de  sa  specifite  d'ac- 
tion  (directe  ou  non,  globale  ou  centrale,  etc), 
de  la  dose,  il  peut  differer  avec  I'espece  ani- 
male  (1).  Il  est  classique  de  schematiser  les 
relations  entre  substances  psychotropes  et 
thermoregulation  ainsi:  les  neurostimulants 
sont  hyperthermiants,  les  neuro-analep- 
tiques  sont  hypothermiants  (1).  Le  but  de 
cette  etude  a  ete  d’analyser  I'effet  de  deux 
drogues  psychotropes  susceptibles  d’etre  util- 
isees  par  les  militaires  en  operations.  Tune 
neurostimulant  (Modafinil)  I’autre  hypno- 
tique  (Triazolam),  sur  la  tolerance  a  ime  ex¬ 
position  au  froid. 

Le  Modafinil  (Laboratoire  Lafon)  est  im  psy¬ 
chostimulant  de  decouverte  recente.  11  a  ete 
decrit  comme  ime  substance  mimant  les  effets 
des  amphetamines  (3);  LIN  et  coll.,  (1993) 


1986-1994 


115 


HPSD  Bibliography 


51CA  -  Physical  Performance  and  Thermal  Stress 


ont  suggere  que  Taction  du  Modafinil  passait 
par  les  recepteurs  a  1  -adrenergiques  cen- 
traux,  au  meme  titre  que  les  amphetamines 
bien  que  les  voies  conduisant  a  cet  effet  soient 
distinctes.  Ces  auteurs  ont  montre  que  les  deux 
molecules  entrainaient  ime  augmentation 
dose-dependante  de  la  temperature 
encephalique  peu  apres  leur  prise.  Les  am¬ 
phetamines  ont  un  effet  hyperthermiant  en 
ambiance  neutre  our  chaude  (1).  En  ambiance 
froide  un  effet  analoque  n’est  pas  toujours 
retrouve  (1).  Au  cours  de  cette  etude,  tous  les 
elements  du  bUan  thermique  de  sujets  exposes 
a  une  ambiance  froide  apres  la  prise  d’un 
comprime  de  Modafinil  ont  ete  explores  afin 
de  mettre  en  evidence  un  eventuel  effet  du 
Modafinil  sur  la  tolerance  au  froid.  Le 
Triazolam  est  une  benzodiazepine.  C'est  le 
principe  actif  de  Thypnotique  le  plus  large- 
ment  utilise  en  Amerique  du  Nord 
(HALCION®,  Laboratoire  Upjohn),  en  par- 
ticulier  en  automedication.  Les  benzodi¬ 
azepines  ne  sont  pas  reputees  avoir  un  reten- 
tissement  important  sur  la  thermoregulation 
(2).  II  a  cependant  ete  decrit  un  cas  d’hy- 
pothermie  au  cours  d'une  immersion  en  eau 
froide  chez  un  plongeur,  peu  apres  la  prise  de 
0,25  mg  de  de  Triazolam  (dose  usuelle,  com¬ 
munication  personnelle).  II  a  ete  recherche 
dans  cette  etude  si  Thypothermie  observee 
etait  liee  a  cette  molecule  ou  bien  a  d'autres 
facteurs  restes  inconnus.  Pour  ces  deux  etudes, 
Texperimentation  s'est  attachee  a  reproduire 
des  conditions  aussi  proches  que  possible  de 
celles  eventuellement  rencontrees  en  situation 
operationnelle. 


Ducharme,  M.  B.,  &  Prim,  J.  (1994). 
Evaluation  of  two  thermo-metal  neoprenes. 
In  J.  Frim,  M.  B.  Ducharme,  &  P.  Tikuisis 
(Ed.),  Sixth  International  Conference  on 
Environmental  Ergonomics. ^  (pp.  66-67). 
Montebello,  Quebec:  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  Recently,  Yamamoto 
Corporation  introduced  on  the  market  a  new 
type  of  diving  suit  fabric  called  thermo¬ 


metal  neoprene.  It  consists  of  a  closed-cell 
neoprene  with  the  inner  cloth  lining  coated 
with  metal.  The  metal-coated  lining  is 
claimed  to  act  as  a  reflective  barrier  that 
minimizes  radiative  heat  loss  from  the  body 
and  hence,  improves  the  thermal  properties 
of  the  fabric  by  25%  over  uncoated  neoprene. 
The  objective  of  the  present  study  was  to  ver¬ 
ify  the  claims  of  the  manufacturer  by  com¬ 
paring  the  insulation  of  two  thermo-metal 
neoprenes  (titanium  and  stainless  steel 
coated)  to  the  current  Canadian  Forces  Arctic 
diving  suit  neoprene  (CF-N)  in  a  dry  envi¬ 
ronment  at  1  atmosphere  and  in  a  wet  envi¬ 
ronment  under  various  pressures  to  simulate 
dives  up  to  100  m. 

It  was  found  that  the  thermal  insulation  of 
the  two  thermo-metal  neoprenes  tested  was 
significantly  higher  than  that  of  the  CF-N 
in  both  the  dry  and  the  wet  environments. 

The  best  thermo-metal  neoprene,  the  stain¬ 
less  steel  coated  neoprene,  averaged  an  im¬ 
provement  of  53-60%  over  the  CF-N  depend¬ 
ing  upon  the  testing  environment.  The  insula- 
tive  properties  of  the  thermo-metal  neo¬ 
prenes  were  affected,  however,  by  the  dives, 
decreasing  by  about  12%  after  two  dives. 

It  was  concluded  that  the  stainless  steel 
thermo-metal  neoprene  could  be  a  potential 
alternative  to  the  current  CF  Arctic  diving 
suit  neoprene  but  further  testing  is  needed  on 
the  long  term  effects  of  dives  and  aging  on 
the  insulative  properties  of  the  material.- 


Ducharme,  M.  B.,  Frkn,  J.,  &  Bourdon,  L. 
(1994).  Infrared  tympanic  thermometry: 
methodological  considerations.  In  J.  Frim,  M. 
B.  Ducharme,  &  P.  Tikuisis  (Ed.),  Sixth 
International  Conference  on  Environmental 
Ergonomics.,  (pp.  146-147).  Montebello, 
Quebec:  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  Infrared  tympanic  ther¬ 
mometers  (ITT)  are  becoming  commonplace  in 
hospitals  and  laboratories  for  routine  mea¬ 
surement  of  deep  body  temperature.  Recent 
studies  have  investigated  the  absolute  accu- 
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racy  of  these  instruments  or  examined  their 
relationship  with  other  measures  of  deep 
body  temperature  (e.g.  oral,  esophageal  or 
rectal)  during  surgery  or  cold  water  immer¬ 
sion.  The  results  from  these  studies  are  con¬ 
flicting.  The  objective  of  the  present  study 
was  to  investigate  the  influence  of  method¬ 
ological  factors  and  ear  canal  anatomy  on  the 
ITT  readings. 

Sixty-sb(  male  and  29  female  subjects  had 
their  right  ear  canal  characterized  for  its 
length,  its  diameter,  curvature,  presence  of 
ear  canal  or  tympanum  inflammation,  level 
of  obstruction  by  cerumen,  and  percentage  of 
the  field  of  view  covered  by  the  tympanum 
(at  ±  5%  accuracy).  Following  the  ear  exami¬ 
nation,  the  right  tympanic  temperature  was 
measured  three  times  by  each  of  the  three 
investigators  using  one  of  three  different  ITT 
instruments  (FirstTemp  Genius  model  3000A, 
Intelligent  Medical  Systems,  CA,  USA; 
Thermoscan  model  IR-1,  Thermoscan  Inc., 

CA,  USA;  Diatek  model  9000,  Diatek  Inc., 
CA,  USA)  for  a  total  of  27  readings  per  sub¬ 
ject  within  a  15-min  period.  During  the  15- 
min  period,  the  oral  temperature  was  also 
measured  using  a  small  thermistor. 

The  infrared  sensor  of  an  ITT  will  register 
the  temperature  of  the  aural  structure  that  it 
can  "see”  during  the  measurement.  Several 
factors  have  been  identified  in  this  study  to 
significantly  affect  the  sensor's  view:  the 
diameter  of  the  probe  tip  (brand  of  ITT),  the 
technique  of  measurement  (aim  and  pressure), 
and  the  characteristics  of  the  ear  canal 
(curvature,  length,  and  tympanic  inflamma¬ 
tion).  Five  subjects  had  an  ideal  ear  canal  for 
tympanic  temperature  measurement  using  an 
ITT  (short,  straight,  large  diameter,  absence 
of  cerumen  and  inflammation);  the  average 
value  of  (Toral  -  Ttymp)  was  down  to  0.15°C 
for  those  subjects  compared  to  0.92°C  for  the 
pool  of  95  subjects.  It  is  concluded  that  unless 
the  ITT  instrument  has  a  perfect  view  of  the 
tympanum  (which  was  the  case  in  only  5%  of 
our  subjects),  it  can  not  provide  a  reliable 
measurement  of  the  tympanic  temperature. 


Ducharme,  M.  B.,  &  Tikuisis,  P.  (1994).  Role 
of  blood  as  heat  source  or  heat  sink  in  hmnan 
limbs  during  local  cooling  and  heating.  /. 
Appl.  Physiol,  76(5),  2084-2094. 

Abstract  The  objective  of  the  present 
study  was  to  investigate  the  relative  contri¬ 
bution  of  the  convective  heat  transfer  in  the 
forearm  and  extremities  to  1)  the  total  heat 
loss  during  immersion  in  cold  water  {T^  = 
20°C)  and  to  2)  the  heat  gained  during  im¬ 
mersion  in  warm  water  (Tjy  =  38°C).  The 
heat  fluxes  from  the  skin  of  the  forearm  and 
finger  were  continuously  monitored  during 
the  3.5  h  immersion  of  the  limb  with  23  re¬ 
calibrated  heat  flux  transducers.  The  last  30 
min  of  immersion  were  conducted  with  an  ar¬ 
terial  occlusion  of  the  forearm.  The  heat  flux 
values  decreased  during  the  occlusion  period 
at  =  20°C  and  increased  at  Tjy  =  38°C  for 
all  sites,  plateauing  only  for  the  finger  at 
the  tissue  metabolic  rate  (124.8  ±  29.0  W«m'3 
at  Tw  =  20°C,  and  287.7  ±  41.8  W«m'3  at  Tw  = 
38°C).  The  present  study  shows  that  at 
thermal  steady  state  during  immersion  in 
water  at  20°C,  the  convective  heat  transfer 
between  the  blood  and  the  forearm's  tissue  is 
the  major  heat  source  of  the  tissue  and  ac¬ 
counts  for  85%  of  the  total  heat  loss  to  the 
environment.  For  the  finger,  however,  the 
heat  produced  by  the  tissue  metabolism  and 
liberated  by  the  convective  heat  transfer  are 
equivalent.  At  thermal  steady  state  during 
irtunersion  in  water  at  38°C,  the  blood  has  a 
role  of  heat  sink,  carrying  away  from  the 
limb  the  heat  gained  from  the  environment 
and  to  a  lesser  extent  (25%),  the  metabolic 
and  conductive  heat.  These  results  suggests 
that  during  cold  stress,  the  convective  heat 
transfer  by  the  blood  has  a  greater  role  than 
suggested  by  previous  studies  for  the  forearm, 
but  a  lesser  role  for  the  hand. 
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Ducharme,  M.  B.,  &  Tikuisis,  P.  (1994). 
Convective  and  metabolic  heat  in  hiunan  fin¬ 
gers.  In  A.  S.  Milton  (Eds.),  Temperature 
Regulation:  Advances  in  Pharmacological 
Sciences:  (pp.  223-228).  Basel,  Switzerland: 
Birkhauser,  Verlag. 

Abstract  The  objective  was  to  investi¬ 
gate  the  contribution  of  the  convective  heat 
transfer  by  the  blood  and  the  tissue 
metabolic  heat  production  to  the  heat  loss  or 
gain  by  the  finger  during  a  3.5  h  immersion  of 
the  forearm  and  hand  in  water  at  tempera¬ 
tures  (Tw)  between  20  and  40°C  using  arterial 
occlusion  of  the  forearm  for  the  last  30  min. 
The  finger  heat  loss  had  decreased  during  oc¬ 
clusion  at  Tzv  <  37°C  but  increased  at  Tw  > 

37° C.  At  thermal  steady  state  prior  to  occlu¬ 
sion,  the  convective  heat  contributed  between 
33.3  and  93.8%  of  the  total  heat  loss  from  the 
finger  at  20  <  Tzv  <  30°C;  the  remaining  being 
the  tissue  metabolic  heat.  At  38  <  Tzv  <  40°C, 
the  environment  contributed  between  88.7  and 
96.7%  of  the  total  finger  heat  gain;  the  re¬ 
maining  being  the  tissue  metabolic  heat. 


Frim,  J.,  &  Ducharme,  M.  B.  (1994).  Physical 
properties  of  several  infrared  tympanic 
thermometers.  In  J.  Frim,  M.  B.  Ducharme,  & 
P.  Tikuisis  (Ed.),  Sixth  International 
Conference  on  Environmental  Ergonomics,, 
(pp.  144-145).  Montebello,  Quebec:  Defence 
and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  Infrared  tympanic  ther¬ 

mometers  (Il  l  s)  are  becoming  commonplace 
for  measuring  body  temperature  in  hospitals. 
They  are  inherently  safe,  easy  to  use,  fast  re¬ 
sponding,  and  relatively  unobtrusive  to  the 
patient.  There  is,  however,  a  concern  over 
the  absolute  accuracy,  reproducibility,  and 
general  applicability  of  these  instruments  in 
a  research  setting  where  more  precision  may 
be  desirable.  The  purpose  of  this  study  was 
to  evaluate  several  ITTs  by  comparing  the 
correction  algorithms  used  to  convert  the 
tympanic  temperature  readings  into  equiva¬ 


lent  "core"  readings,  and  by  determining  how 
a  non-uniform  temperature  distribution 
within  the  angle  of  view  of  the  ITT  affects 
the  temperature  reading  (during  use  the  sen¬ 
sor  wUI  "see"  not  only  the  tympanic  mem¬ 
brane  but  also  a  portion  of  the  auditory 
canal).  The  "ear"  consisted  of  a  temperature- 
controlled  disk  positioned  m  front  of  a  large 
isothermic  background  at  23'^C.  Algorithms 
were  checked  by  recording  the  temperatures 
indicated  in  the  various  "mode"  settings  of 
the  instruments  as  the  temperature  of  the 
disk  was  varied  between  23'^C  and  37°C, 
During  this  test  the  ITTs  were  held  within  5 
mm  of  the  surface  of  the  50  mm  diameter 
disk,  and  the  absolute  value  and  uniformity 
of  the  temperature  across  the  disk  was 
checked  with  an  infrared  thermogaphy  cam¬ 
era.  The  angle  of  view  test  was  conducted  by 
recording  displayed  temperatures  as  a  func¬ 
tion  of  distance  from  the  heated  (30.6°C) 
disk,  thereby  altering  the  relative  "hot" 
area  within  the  field  of  view.  Results  indi¬ 
cated  that  in  surface  mode,  regardless  of  the 
temperature  of  the  target,  all  three  ITTs 
read  the  temperature  correctly  to  within 
0.1°C  (i.e.,  the  resolution  of  the  display  on 
the  instruments).  However,  the  tempera¬ 
tures  displayed  at  the  other  mode  settings 
varied  considerably  between  instruments  as  a 
function  of  both  target  temperature  and  mode 
setting,  some  adding  as  much  as  1,3°C  to  the 
actual  surface  temperature  reading.  The  an¬ 
gle  of  view  test  indicated  that  the  instru¬ 
ments  do,  in  fact,  measure  the  average  tem¬ 
perature  of  a  fairly  wide  (50°  -  90°)  angle 
field  of  view. 


Frim,  J.,  Ducharme,  M,  B.,  &  Brajkovic,  D. 
(1994).  The  influence  of  localized  auxiliary 
heating  on  hand  comfort  diuing  cold 
exposure.  In  J.  Film,  M.  B.  Ducharme,  &  P. 
Tikuisis  (Ed.),  Sixth  International 
Conference  on  Environmental  Ergonomics,, 
(pp.  128-129).  Montebello,  Quebec;  Defence 
and  Civil  Institute  of  Environmental 
Medicine. 
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Abstract  Military  personnel  are  often 

required  to  perform  delicate  work  in  extreme 
cold  (e,g.,  repair  or  maintenance  of  vehicles, 
weapons  and  equipment;  treatment  of 
wounds;  etc.)-  This  frequently  necessitates 
the  removal  of  protective  mitts  in  favour  of 
working  with  gloved  or  even  bare  hands. 
Exposure  of  the  hands  to  such  conditions  can 
result  in  rapid  cooling  of  the  extremities,  a 
loss  of  manual  dexterity,  and  an  increased 
risk  of  cold  injury.  Auxiliary  heating  of  the 
hands  with  electrically  heated  gloves  has 
been  attempted  in  the  past  but  has  generally 
been  unacceptable.  The  present  study  inves¬ 
tigated  the  effect  of  torso  heating  on  hand 
comfort  and  body  heat  transfer  during  bare¬ 
handed  exposure  to  -15^C  air,  the  working 
hypothesis  being  that  heating  the  torso  may 
result  in  the  circulation  of  blood  to  the  ex¬ 
tremities  to  dissipate  the  extra  heat. 

Subjects  were  dressed  in  thick-pile  track  suits 
and  uninsulated  Goretex  combat  jackets  and 
pants  (essentially  the  first  two  layers  of  the 
new  CF  Arctic  clothing  ensemble).  The  re¬ 
sults  showed  that  the  application  of  65-75  W 
of  heat  to  the  torso  with  an  electrically 
heated  vest  was  sufficient  to  maintain  the 
fingers  near  25°C  for  several  hours. 


Frim,  J.,  Ducharme,  M.  B.,  &  Tikuisis,  P. 
(1994).  Proceedings  of  the  Sixth 
International  Conference  on  Environmental 
Ergonomics.  In  J.  Frim,  M.  B.  Ducharme,  &  P. 
Tikuisis  (Ed.),  Sixth  International 
Conference  on  Environmental  Ergonomics., 
Montebello,  Quebec:  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  This  meeting  was  the  sixth 

in  a  series  of  biennial  conferences  that  began 
in  1984.  The  meetings  have  been  held  alter¬ 
nately  in  Europe  and  North  America  and 
have  drawn  attendance  from  over  20  coun¬ 
tries.  These  Proceedings  consist  of  122  two- 
page  minipapers  in  the  field  of 
Environmental  Ergonomics.  Topics  include 
heat  physiology,  cold  physiology,  clothing, 
protective  equipment,  measurement  tech¬ 


niques,  modeling  and  manikins,  thermoregu¬ 
lation,  performance,  and  related  environmen¬ 
tal  topics.  AU  papers  were  peer-reviewed  by 
two  members  of  a  15-person  program  commit¬ 
tee  from  11  countries. 


Giesbrecht,  G.  G.,  Ducharme,  M.  B.,  & 
McGuire,  J.  P.  (1994).  Comparison  of  forced- 
air  patient  warming  systems  for  peri¬ 
operative  use.  /.  Anaesthesiology,  80(3),  001- 
009. 

Abstract  Summary  statement:  Four 

forced-air  warming  systems  were  tested  on 
nomothermic  volunteers  and  the  total  heat 
flux  was  greatest  with  the  Bair  Hugger  ® 
250/PACU  Patient  Warming  System. 
Background:  Perianesthetic  hypothermia  is 
common  and  produces  several  complications, 
including  postoperative  shivering,  decreased 
drug  metabolism  and  clearance,  and  im¬ 
paired  wound  healing.  Forced-air  warming 
transfers  more  than  50  W  to  the  body  and  is 
an  efficient  method  for  either  preventing  or 
reversing  decreases  in  core  temperature. 
Methods:  The  authors  compared  the  efficacy 
of  four  complete  forced-air  warming  systems: 
(1)  Bair  Hugger  ®  250/PACU  Patient 
Warming  System  with  300  Warming  Cover 
(Augustine  Medical,  Eden  Prairie,  MN);  (2) 
Thermacare™  TCIOOO  Power  Unit  with 
TC1050  ComfortQuilt  (Gaymar  Industries, 
Orchard  Park,  NY);  (3)  WarmAir™  130 
Hypothermia  System  with  140  Warming 
Tube  (Cincinnati  Sub-Zero  Products, 
Cincinnati,  OH);  and  (4)  WarmTouch™  5000 
Patient  Warming  System  and  503-0810 
CareQuUt  (with  the  connection  hose  com¬ 
pressed  [short]  and  extended  [long]) 
(Mallinckrodt  Medical,  St.  Louis,  MO).  Six 
mmimally  clothed  male  volimteers  were 
studied  supine  in  a  24.5°C  environment. 
Cutaneous  heat  flux  and  skin  temperature 
was  measured  at  14  area-weighted  sites  us¬ 
ing  thermal  flux  transducers.  After  20-mm 
control  periods,  volimteers  were  warmed  for 
40  min  in  each  condition.  A  cotton  blanket 
was  placed  over  each  cover.  Power  units  were 
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placed  at  the  foot  end  of  the  bed,  started 
cold,  and  set  at  maximum  temperature  and 
flow  settings.  All  units  reached  efficiency 
within  20  min. 

Results:  Total  heat  transfer  with  the  Bair 
Hugger®  system  (95  ±  7W)  was  greater 
(p<0.05)  than  with  WarmTouch^M  (short 
hose  81  ±  6  W  and  long  hose  68  ±  8  W), 
Thermacare™  (61  ±  5  W),  and  WarmAir™ 
(38  ±  6  W)  systems.  Each  cover  also  was 
tested  on  a  common  power  imit  (Bair 

200).  Total  heat  transfer  was 
greater  (P<0.05)  with  the  Warming  Cover 
(Bair  Hugger®)  (88  ±  8  W),  followed  by  the 
Comfort  Quilt  (Thermacare*^^)  (56  ±  6  W), 
CareQuilt  (WarmTouch™)  (50  ±  7  W),  and 
the  Warming  Tube  (WarmAir™)  (43  +  5  W). 
Conclusions:  The  advantages  of  the  Bair 
Hugger®  system  and  Warming  Cover  are  ev¬ 
ident  in  areas  that  are  important  for  heat 
transfer  from  the  periphery  to  the  body  core 
(chest,  axilla,  abdomen,  and  upper  legs). 
(Key  words:  Equipment:  thermal  heat  flux 
transducers.  Hypothermia:  perioperative; 
post-operative.  Temperature:  heat  transfer. 
Temperature,  regulation:  warming  devices.) 


Jacobs,  L,  AUsopp,  A.,  Goforth,  H.,  Murray, 
N.,  Stroud,  M.,  &  Vogel,  J.  (1994).  Assessment 
of  Potential  Ergogenic  Aids  for  Elite  Combat 
Units.  (TTCP  The  Technical  Cooperation 
Subgroup  U  Action  Group  12. 

Abstract  This  document  constitutes  the 
final  report  of  TTCP  Subgroup  U  Action  Group 
12  (AG  12),  "Physical  Performance 
Enhancement  of  Elite  Combat  Units."  AG12's 
mandate  was  to  identify  and  evaluate  ways 
of  enhancing  the  physical  performance  of 
military  personnel  who  may  have  missions 
where  a  high  level  of  physical  fitness  is 
critical  to  accomplishing  the  mission  objec¬ 
tives.  To  fulfill  this  mandate  AG12  re¬ 
stricted  its  efforts  to  carrying  out  an  exten¬ 
sive  review  of  available  scientific  literature 
on  the  topic  of  "ergogenic  aids  (EA)."  EA  are 
pharmacological  and/ or  nutritional  sub¬ 
stances,  and  physiological  procedures  or 


strategies  which  induce  an  improvement  of  a 
physical  fitness  component(s).  AG12  has 
also  evaluated  whether  a  purported  EA 
might  be  feasibly  applied  to  the  needs  of 
elite  combat  or  special  warfare  units. 
Another  important  purpose  of  our  review  was 
to  dispel  many  myths  about  purported  EA 
which  have  been  shown  to  be  ineffective. 
Finally,  we  have  also  identified  many  po¬ 
tential  EA  which  require  further  research 
before  a  final  judgment  about  their  efficacy 
can  be  made.  The  results  of  our  review  and 
evaluation  are  contained  in  this  document. 
We  stress  to  the  readers  of  this  document 
that  it  is  not  intended  to  be  a  "user’s  manual" 
advocating  use  of  specific  substances  by  a 
combatant,  but  rather  a  resource  for  scien¬ 
tists,  medical  officers,  and  other  advisors. 


Jacobs,  L,  Martineau,  L.,  &  Vallerand,  A. 
(1994).  Thermoregulatory  thermogenesis  in 
humans  during  cold  stress.  In  J.  Hollos2y 
(Eds.),  Exercise  and  Sports  Sciences  Reviews. 
(pp.  221-250).  Baltimore:  Williams  and 
Wilkins. 

Abstract 


Jacobs,  L,  Prusaczyk,  W.  K.,  &  Goforth,  H. 
(1994).  Adaptations  to  3  weeks  of 
aerohid anaerobic  training  in  West  Coast  US 
Navy  Sea-Air  Land  Personnel  (SEALs).  (in 
review).  Naval  Health  Research  Center. 

Abstract  It  is  essential  for  some  mili¬ 
tary  personnel  that  their  musculature  be 
trained  to  perform  over  a  broad  range  of  in¬ 
tensities.  The  question  thus  arises  whether 
physiological  adaptations  to  concurrent 
training  of  contrasting  physical  fitness  com¬ 
ponents  is  problematic,  such  as  engaging  in 
simultaneous  training  to  develop  both  aero¬ 
bic  and  anaerobic  fitness.  Earlier  attempts 
to  achieve  concurrent  improvements  in  dif¬ 
ferent  fitness  components  have  typically  in¬ 
volved  having  subjects  engage  in  two  training 
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prograins,  one  for  each  of  the  fitness  compo¬ 
nents  being  trained.  Thus  the  studies  that 
have  demonstrated  that  concurrent  adapta¬ 
tions  to  contrasting  physical  fitness  vari¬ 
ables  are  achievable,  do  not  address  the 
question  of  efficiency  of  training,  because  the 
time  actually  spent  engaged  in  training  was 
simply  increased  in  all  of  these  studies  to  ac¬ 
commodate  the  requirement  to  train  strength 
and  aerobic  fitness,  for  example.  This  time 
factor  can  be  critical  for  military  personnel, 
whose  training  time  is  primarily  devoted  to 
developing  and  maintaining  diverse  opera¬ 
tional  skills  an  abilities. 

This  investigation  addressed  this 
problem  by  making  inter-group  comparisons 
of  physiological  and  performance  adapta¬ 
tions  to  training  at  various  intensities.  One 
of  the  training  intensities  was  chosen  with  a 
specific  view  to  enhancing  both  aerobic  and 
anaerobic  fitness  in  an  efficient  marmer  by 
training  at  a  single  exercise  intensity,  with 
full  cognizance  that  the  rate  and  extent  of 
adaptations  would  be  less  than  if  the  objec¬ 
tive  was  to  enhance  only  one  of  these  two  fit¬ 
ness  components.  The  subjects  in  this  study 
were  recruited  from  US  Navy  Special 
Warfare  Units  and  were  all  SEALs  (SEA  Air 
Land  commandos)  accustomed  to  hard  exer¬ 
cise.  They  were  divided  into  three  groups: 
one  group  engaged  in  a  traditional  aerobic 
training  program  to  develop  endurance,  a  sec¬ 
ond  group  did  a  traditional  anaerobic  train¬ 
ing  program  to  develop  explosive  power  and 
muscular  endurance  (anaerobic),  and  the 
third  group  did  interval  training  involving 
both  short  bouts  of  high  intensity  exercise 
combined  with  low  intensity  recovery  peri¬ 
ods.  All  training  and  performance  tests  were 
done  on  bicycle  ergometers.  Training  sessions 
were  30  minutes  long  and  were  scheduled 
three  times  weekly  for  three  weeks.  The  re¬ 
sults  indicated  that  the  time  available  for 
physical  training  can  be  efficiently  used  to 
simultaneously  develop  both  aerobic  and 
anaerobic  fitness  if  appropriate  training  in¬ 
tensities  are  chosen.  The  results  also  suggest 
that  training  adaptations  of  both  aerobic 
and  anaerobic  fitness  can  be  more  rapidly  at¬ 
tained  than  traditionally  expected. 


Jacobs,  I.,  Wang,  L.  C.  H.,  Romet,  T., 
Kavanagh,  M.,  &  Frim,  J.  (1994).  Effects  of 
theophylline  ingestion  on  thermoregulation 
during  15^C  water  immersion,  (DCIEM  94- 
46).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  Military  personnel  can  be  ex¬ 

posed  to  emergency  survival  conditions  in 
cold  environments  which  could  result  in 
lethal  levels  of  hypothermia  if  appropriate 
insulation  or  protective  shelters  are  not 
available.  Hypothermia  can  be  delayed  in 
humans  if  metabolic  heat  production  is  in¬ 
creased,  and  we  have  previously  demon¬ 
strated  that  pre-treatment  with  certain  safe 
pharmacological  agents  can  elicit  such  an  ef¬ 
fect.  Others  have  reported  that  the  inges¬ 
tion  of  theophylline,  a  caffeine-like  com- 
poimd,  delays  the  onset  of  hypothermia  dur¬ 
ing  acute  cold  air  exposure.  The  present  study 
was  carried  out  to  determine  if  theophylline 
treatment  will  delay  the  onset  of  hypother¬ 
mia  during  a  more  severe  cold  stress,  i.e.  cold 
water  immersion.  Eight  male  subjects  were 
immersed  in  15°C  water  on  several  different 
days  after  treatment  with  placebo,  theo¬ 
phylline,  or  either  of  these  combined  with  a 
standard  meal.  Although  there  were  indica¬ 
tions  that  the  theophylline  treatment,  par¬ 
ticularly  when  combined  with  the  meal,  in¬ 
creased  metabolic  heat  production  prior  to 
immersion,  there  were  no  significant  differ¬ 
ences  between  trials  in  metabolic  heat  pro¬ 
duction  during  the  water  immersion.  Rectal 
temperature  decreased  similarly  in  all  trials 
at  a  rate  ranging  between  0.4  to  3.0®C/h. 
Thus,  the  beneficial  effects  of  theophylline 
treatment  that  were  previously  reported  for 
cold  air  exposure  may  not  be  applicable  to 
cold  water  immersion. 
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Livingstone,  S.  D.,  Osczevski,  R.  J.,  Nolan, 

R.,  &  Keefe,  A.  (1994).  Physiological 
Responses  of  Men  in  Sleeping  Bags  at  -20°C. 
In  J.  Prim,  M.  B.  Ducharme,  &  P.  Tikuisis 
(Ed.),  Sixth  International  Conference  on 
Environmental  Ergonomics,  (pp.  138-139). 
Montebello,  Quebec:  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  A  set  of  experiments  were  de¬ 
signed  to  physiologically  differentiate  be¬ 
tween  sleeping  bags  with  differing  amounts 
of  insulation. 


McLellan,  T.  M.  (1994).  Tolerance  times  for 
continuous  work  tasks  while  wearing  NBC 
protective  clothing  in  warm  and  hot  envi¬ 
ronments  and  the  strategy  of  implementing 
rest  schedules,  (DCIEM  94-62).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  Canadian  Forces  personnel 

must  be  able  to  sustain  operations  in  an  envi¬ 
ronment  contaminated  with  NBC  agents. 
However,  because  of  the  thickness  and  low 
vapour  permeability  of  the  protective  cloth¬ 
ing  ensemble,  there  is  considerable  heat 
strain  associated  with  wearing  full  NBC 
protection  in  warm  and  hot  environments. 
This  report  provides  an  updated  analysis  of 
the  relationship  between  tolerance  time 
while  wearing  the  NBC  clothing  and  the 
work  intensity  at  ambient  temperatures  of 
30°C  and  40°C.  The  mathematical  function 
which  is  used  to  describe  this  relationship 
defines  an  infinite  tolerance  time  at  a  spe¬ 
cific  work  intensity.  If  the  oxygen  consump¬ 
tion  associated  with  this  work  intensity  is 
above  the  oxygen  consumption  required  for 
resting  conditions,  then  implementing  a  spe¬ 
cific  work  and  rest  schedule  will  increase  the 
total  tolerance  time  and  the  total  work  ac¬ 
complished  compared  with  a  continuous  work 
effort.  Alternatively,  if  the  oxygen  consump¬ 
tion  associated  with  an  infinite  tolerance 
time  is  below  the  value  defined  for  a  resting 
individual,  then  implementing  work  and  rest 
schedules  may  not  be  the  correct  choice. 


Although  tolerance  time  will  be  increased, 
the  total  amount  of  work  that  can  be  accom¬ 
plished  will  decrease. 


McLellan,  T.  M.,  Bell,  D.  G.,  &  Dix,  J.  K. 
(1994).  Heat  strain  with  combat  clothing 
worn  over  a  chemical  defence  (CD)  vapour 
protective  layer.  Aviat.  Space  Environ. 

Med.,  65,  757-763. 

Abstract  The  purpose  of  the  present 

study  was  to  quantify  and  compare  the  heat 
strain  when  a  new  chemical  defence  (CD) 
vapour  protective  layer  was  worn  imder  com¬ 
bat  clothing.  Twenty-three  unacclimatized 
males  (27.1  ±  5.6  y,  80.9  ±  9.3  kg,  1.78  ±  0.05 
m)  were  assigned  to  a  light  intermittent  (L,  n 
=  7),  moderate  continuous  (M,  n  =  8)  or  heavy 
continuous  (H,  n  =  8)  exercise  group.  All  sub¬ 
jects  performed  three  trials  at  40°C  and  30% 
relative  humidity  wearing  the  current  CD 
protective  clothing  over  combat  clothing 
(CD-current),  the  CD  vapour  protective 
layer  alone  (CD-vapour)  or  imder  combat 
clothing  (CD-vapour/combats).  Tolerance 
times  were  significantly  different  among  the 
three  clothing  trials  for  each  exercise  group. 
For  group  L,  tolerance  time  increased  from  116 
+  11  min  for  CD-current  to  208  +  11  min  for 
CD-vapour/combats  and  289  ±  20  min  for  CD- 
vapour.  For  group  M,  tolerance  time  increased 
from  67  ±  4  min  to  87  +  5  min  and  to  133  ±  14 
min  for  CD-current,  CD-vapour/combats  and 
CD-vapour,  respectively.  Finally  for  group 
H,  respective  times  for  CD-current,  CD- 
vapour/combats  and  CD-vapour  were  50  ±  4 
min,  59  ±  4  min  and  80  ±  7  min.  Significant 
differences  among  the  clothing  configurations 
were  found  also  for  the  evaporative  effi¬ 
ciency  of  sweat  from  the  clothing.  Values 
varied  from  20%  to  30%  for  CD-current  to 
over  80%  for  group  L  with  the  CD-vapour 
configuration.  Significant  differences  among 
the  clothing  trials  for  each  exercise  group 
were  observed  also  for  heart  rates,  rectal  and 
skin  temperatures.  In  aU  conditions,  the  re¬ 
sponse  during  CD-vapour/combats  was  be¬ 
tween  CD-current  and  CD-vapour.  Although 
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heat  strain  was  reduced  compared  with  CD- 
current,  the  improvements  with  CD- 
vapour/combats  might  be  considered  signifi¬ 
cant  in  an  operational  environment  only  at 
low  metabolic  rates.  In  contrast,  the  benefits 
of  CD-vapour  are  evident  at  all  metabolic 
rates  and  should  be  recommended  for  opera¬ 
tional  environments  that  do  not  require  abra¬ 
sion  protection. 


McLellan,  T.  M.,  Ducharme,  M.  B.,  & 
Bateman,  W.  A.  (1994).  Influence  of 
Ondansetron  on  Thermoregulation  During 
Exercise  in  the  Heat  Wearing  Combat 
Clothing.  Aviat,  Space  Environ.  Med.,  65,  35- 
40. 

Abstract  Ondansetron  is  a  selective 

serotonin  antagonist  which  has  been  shown 
to  be  an  effective  antiemetic  agent  for  pa¬ 
tients  undergoing  radiation  or  chemotherapy 
treatment.  The  Canadian  Forces  together 
with  other  NATO  Countries  have  an  interest 
in  selecting  an  antiemetic  agent  that  not  only 
is  effective  in  the  prevention  of  emesis  in¬ 
duced  by  chemical  agents  or  radiation  expo¬ 
sure,  but  also  has  minimal,  if  any,  side  ef¬ 
fects.  The  purpose  of  this  study  was  to  exam¬ 
ine  the  influence  of  a  single  8-mg  oral  dose  of 
the  drug  on  thermoregulation  during  exercise 
in  a  hot  (40°C,  30%  relative  humidity)  envi¬ 
ronment.  Ten  unacclimatized  males  per¬ 
formed  a  drug  and  placebo  trial  in  single- 
bhnd  random  order.  The  sessions  involved 
walking  on  a  treadmill  at  4.8  km^h"^  with  a 
2%  elevation  for  a  maximum  of  3  h.  Subjects 
wore  combat  clothing  during  the  trials.  Total 
exposure  time  was  similar  for  the  placebo 
(177  ±  6  min)  and  drug  (172  ±  11  min)  trials. 
Also,  the  rate  of  sweat  production  (0.64  ±  0.1 
and  0.66  ±  0.1  kg*h“^  for  placebo  and  drug, 
respectively)  and  body  heat  gain  (303  ±112 
and  305  ±  110  kj  for  the  place  and  drug  respec¬ 
tively)  were  not  different  between  trials. 
Rectal  temperature  increased  1.48  ±  0.40°C 
for  the  placebo  and  1.47  ±  0.37°C  for  the  on¬ 
dansetron  trial.  Finally,  there  was  no  differ¬ 
ence  in  the  mean  skin  temperature  response 


which  increased  in  both  conditions  to  37.1  ± 
0.5°C.  Under  the  conditions  of  this  experi¬ 
ment,  there  is  no  evidence  to  suggest  that  the 
ingestion  of  ondansetron  influences  ther¬ 
moregulation  in  a  hot  environment. 


McLellan,  T.  M.,  &  Frim,  J.  (1994).  Heat 
strain  in  the  Canadian  Forces  chemical  de¬ 
fence  clothing:  problems  and  solutions.  Can.  J. 
Appl.  Physiol,  19,  379-399. 

Abstract  The  Canadian  Forces  chemi¬ 

cal  defence  protective  clothing  can  induce  an 
overwhelming  strain  on  one's  ability  to  regu¬ 
late  body  temperature.  Recently,  a  number  of 
investigations  have  been  completed  at  the 
Defence  and  Civil  Institute  of  Environmental 
Medicine  (DCIEM)  that  focused  initially  on 
understanding  the  interaction  of  metabolic 
rate,  ambient  temperature  and  ambient 
vapour  pressure  on  the  severity  of  heat  strain 
associated  with  wearing  the  protective 
clothing.  This  paper  presents  a  summary  of 
these  initial  studies  together  with  an 
overview  of  different  attempts  to  reduce 
heat  strain  during  exercise  in  a  hot  environ¬ 
ment.  Factors  such  as  improved  aerobic  fit¬ 
ness  or  a  period  of  dry  heat  acclimation  have 
little,  if  any,  benefit  on  tolerance  time  while 
wearing  the  clothing  during  light  or  moder¬ 
ate  exercise.  The  best  solution  to  the  problem 
of  heat  strain  remains  the  use  of  microcli¬ 
mate  conditioning  (personal  cooling)  and 
these  techniques  have  been  successfully  em¬ 
ployed  for  Naval  and  Air  Force  personnel. 
However,  for  our  Land  Forces  microclimate 
conditioning  is  not  feasible  until  a  light¬ 
weight  high-energy  power  source  is  devel¬ 
oped. 


Osczevski,  R.  J.  (1994).  Thermal  Resistance  of 
the  Cheek  in  Cold  Air.  (DCIEM  94-47). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 
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Abstract  Some  experiments  were  car¬ 

ried  out  to  characterize  the  thermal  resis¬ 
tance  of  the  tissues  of  the  cheek  area.  Heat 
flow  and  skin  temperature  in  cold  air  were 
measured  with  a  heat-flux  transducer.  The 
face  was  uncomfortably  cold  when  the  cheek 
skin  temperature  was  below  15°C  and  painful 
when  the  skin  temperature  fell  below  10°C. 
Thermal  resistance  increased  as  skin  temper¬ 
ature  fell,  reaching  a  maximum  value  of  0.07 
m^K/W  at  a  skin  temperature  between  10°C 
and  15°C. 


Rayson,  M.  P.,  Bell,  D.  G.,  Holliman,  D.  E., 
Llewelyn,  M.,  Nevola,  V.  R.,  &  Bell,  R.  L. 
(1994).  Physical  Selection  Standards  for  the 
British  Army  Recruits:  Phases  1  and  2. 

(APRE  94R036).  Army  Personnel  Research 
Establishment. 

Abstract  The  Army  Personnel 

Research  Establishment  (APRE)  have  been 
tasked  to  devise  and  validate  role-related, 
gender-free  physical  fitness  tests,  to  be  used 
to  screen  recruits  for  entry  into  specific  em¬ 
ployment  groups  in  the  British  Army.  A 
five-phase  project  has  been  implemented  to 
identify  and  measure  the  most  physically 
demanding  tasks  (gold  standards)  and  to  de¬ 
velop  recruit  selection  tests,  validated 
against  the  gold  standards.  This  report  cov¬ 
ers  phases  1  and  2  -  identification  of  role-re¬ 
lated  tasks  (RRTs),  and  the  quantification  of 
those  RRTs.  One  hxmdred  and  thirty-two 
RRTs  were  identified.  Sixty-four  of  these 
were  analysed  in  the  field  using  physiologi¬ 
cal,  biochemical  and  psychophysiological 
techniques.  However,  92%  of  these  tasks 
proved  unsuitable  for  use  as  gold  standards 
for  a  number  of  reasons,  such  as  their  com¬ 
plexity  and  high  elements  of  skill.  The  pos¬ 
sibility  of  simplifying  the  original  tasks  has 
been  examined,  and  components  of  the  tasks 
could  be  used  to  develop  adapted  RRTs 
(ARRTs).  These  ARRTs  would  require  clari¬ 
fication  and  remeasurement  if  they  are  to 
serve  as  gold  standards  against  which  to 
validate  physical  selection  tests.  Since  many 


of  the  ARRTs  are  somewhat  similar,  they 
could  be  clustered  into  common  soldiering 
tasks,  which  would  require  fewer  resources, 
and  allow  for  more  manageable  administra¬ 
tion  of  the  tests  at  recruit  centres.  APRE  rec¬ 
ommends  this  course  of  action. 


Rayson,  M.  P.,  Holliman,  D.  E.,  &  Bell,  D.  G. 
(1994).  Physical  Selection  Standards  for  the 
British  Army:  Phase  3  Development  of 
physical  selection  tests  and  pilot  study. 

(DRA  WP94006).  DRA  Center  for  Human 
Science. 

Abstract  DRA  CHS  was  tasked  by 
DM(A)  to  devise  physical  selection  stan¬ 
dards  for  the  British  Army.  After  defining 
and  measuring  the  most  physically  demand¬ 
ing  jobs  in  each  employment  group,  four  repre¬ 
sentative  military  tasks  (RMTs)  were  devel¬ 
oped  as  gold  standards  (Phase  1  and  2). 

These  consisted  of  a  single  lift  (SL),  a  carry 
(C),  a  repetitive  lift  and  carry  (RL),  and  a 
loaded  march  (LM)  for  which  each  employ¬ 
ment  group  was  assigned  to  one  of  three  lev¬ 
els.  CHS  &en  had  to  design  a  battery  of 
physical  tests  likely  to  predict  performance 
on  the  RMTs  (Phase  3).  It  was  also  decided 
that  a  pilot  study  to  Phase  4  (testing  trained 
soldiers  on  the  RMTs  and  the  physical  tests) 
was  necessary  in  order  to  practice  measure¬ 
ment  techniques,  establish  the  feasibility  of 
the  procedures  and  reduce  the  battery  of  tests 
for  Phase  4.  Seventy  male  and  nine  female 
soldiers  took  part  in  the  pilot  study,  rmder- 
taking  the  tasks  to  their  appropriate  level 
and  all  physical  tests.  All  soldiers  achieved 
their  assigned  level  on  the  tasks,  and  all 
completed  the  maximum  time  on  the  RL  and 
LM.  Therefore  no  analyses  could  be  carried 
out  on  the  predictive  strength  of  the  tests  for 
the  RL  and  LM.  However,  the  SL  and  C  could 
be  analysed,  with  the  most  powerful  predic¬ 
tors  being  the  38  cm  upright  pull,  the  ILM 
and  neck  circumference  for  the  SL,  and  hand¬ 
grip  strength,  hydrodynamic  lift  power,  and 
fat-free  mass  for  the  C.  It  was  recommended 
that  eight  of  the  fitness  tests  should  be 
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dropped  from  the  battery  due  to  their  poor 
predictive  power,  or  for  safety  and  adminis¬ 
trative  reasons.  It  was  also  proposed  that 
all  RMTs  be  adapted  to  become  maximal  and 
progressive  tests:  the  SL  should  progress  in  5 
or  4  kg  increments  to  maximum;  the  C  should 
be  allowed  to  continue  beyond  the  original 
five-minute  end  point  to  maximum;  the  work 
rates  of  the  RL  should  be  adjusted  to  allow  a 
more  discriminatory  test;  the  LM  should  re¬ 
quire  the  soldiers  to  carry  either  15,  20,  or  25 
kg  at  a  pace  of  6.4  km/hr  for  as  long  as  possi¬ 
ble. 


Snellen,  J.  W.,  Ducharme,  M.  B.,  &  Frim,  J. 
(1994).  Body  fat  affects  calorimetrically 
measured  body  heat  storage  only  during  cold 
stress.  In  J.  Frim,  M.  B.  Ducharme,  &  P. 
Tikuisis  (Ed.),  Sixth  International 
Conference  on  Environmental  Ergonomics., 

(pp,  228-229).  Montebello,  Quebec:  Defence 
and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  thermal  insulation  of 

the  body  has  multiple  "in-series"  components 
including  the  skin,  the  subcutaneous  fat,  and 
the  underlying  tissues.  The  objective  of  this 
study  was  to  investigate  for  a  large  range  of 
air  temperatures  (12  -  35*^0)  the  contribution 
of  body  fat  to  the  changes  in  body  heat  stor¬ 
age  measured  by  direct  air  calorimetry. 
Subjects  were  exposed  to  the  calorimeter 
temperature  for  three  hours  while  wearing 
only  shorts.  Every  minute  the  sum  of 
metabolic  heat  production,  sensible  (R+C) 
heat  exchange,  and  evaporative  heat  loss 
(E)  was  determined  and  converted  to  heat 
loss  or  gain  in  kilojoules.  This  in  turn  was  di¬ 
vided  by  body  mass  times  specific  heat  to  ob¬ 
tain  change  in  mean  body  temperature  (ATb). 
Every  subject  showed  a  linear  relationship 
between  calorimeter  temperature  and  ATb. 

At  the  colder  calorimeter  temperatures  ATb 
was  heavily  dependent  on  body  fat,  with 
leaner  subjects  showing  a  greater  drop  in  ATb 
than  the  fatter  subjects;  however,  at  higher 
temperatures,  this  dependence  upon  body  fat 


disappeared.  These  results  are  consistent 
with  the  finding  that  at  temperatures  >20°C 
the  non-fatty  tissue  of  leaner  subjects  can  con¬ 
tribute  significantly  to  whole  body  insula¬ 
tion. 


Stroud,  M.  A.,  Holliman,  D.  E.,  Bell,  D.  G., 
Green,  A.  L.,  MacDonald,  1.  A.,  &  Greenhaff, 
P.  L.  (1994).  The  effect  of  oral  creatine 
supplementation  on  respiratory  gas  exchange 
and  blood  lactate  accumulation  during 
steady-state  incremental  treadmill  exercise 
and  recovery  in  man.  Clinical  Science,  87, 
707-710. 

Abstract  1.  Oral  creatine  supplemen¬ 

tation  has  been  shown  to  increase  muscle  cre¬ 
atine  and  phosphocreatine  concentrations 
with  consequent  benefits  on  performance  dur¬ 
ing  short-term  maximal  exercise.  However, 
recently  there  have  been  anecdotal  reports 
that  creatine  supplementation  can  also  influ¬ 
ence  the  pattern  of  substrate  utilization  and 
improve  performance  dxiring  more  prolonged, 
submaximal  exercise,  which,  based  on  recent 
experimental  evidence,  may  have  some  sci¬ 
entific  justification. 

2.  Eight  men  performed  a  continuous  incre¬ 
mental  exercise  test  running  at  lOkm/h  on  a 
motorized  treadmill  at  predetermined  work¬ 
loads  from  50%  to  90%  of  maximal  oxygen  up¬ 
take,  before  and  after  5  days  of  creatine  sup¬ 
plementation  (4  X  5g  daBy).  Exercise  was 
performed  for  6  min  at  each  workload  to 
achieve  a  steady  state,  and  respiratory  gas 
exchange  and  blood  lactate  concentrations 
were  measured  during  the  last  30s  at  each 
workload.  Measurements  were  also  made  at 
5-mm  intervals  for  the  first  15  min  of  recov¬ 
ery. 

3.  The  results  showed  no  measurable  effect  of 
creatine  supplementation  on  respiratory  gas 
exchange  and  blood  lactate  concentrations 
during  either  incremental  submaximal  exer¬ 
cise  or  recovery.  This  suggests  that  creatine 
supplementation  does  not  influence  substrate 
utilization  during  and  after  this  type  of  exer¬ 
cise. 
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Tikuisis,  P.,  &  Prim,  J.  (1994).  Prediction  of 
survival  time  in  cold  air,  (DCIEM  94-29). 
Defence  and  Civil  Institute  of  Environmental 
Medicine. 

Abstract  The  prediction  of  survival 

time  (ST)  for  cold  exposure  is  somewhat  hy¬ 
pothetical  since  controlled  data  of  deep  hy¬ 
pothermia  are  unavailable.  At  best,  case 
histories  of  accidental  exposure  can  be  used 
for  guidance.  This  study  describes  the  devel¬ 
opment  of  a  simple  heat  conduction  model  for 
the  prediction  of  ST  under  sedentary  condi¬ 
tions  in  the  cold.  Predictions  are  not  made  for 
cold  injury  nor  for  the  injured  individual.  The 
model  is  based  on  steady-state  heat  conduc¬ 
tion  in  a  single  cylinder  comprised  of  a  core 
and  two  annular  concentric  shells  represent¬ 
ing  the  fat  plus  skin  and  the  clothing  plus 
still  boundary  layer,  respectively.  The  am¬ 
bient  condition  can  be  either  air  or  water;  the 
distinction  is  made  by  assigning  different 
values  of  insulation  to  the  still  boundary 
layer.  Metabolic  heat  production  (M)  is  pre¬ 
dicted  by  temperature  signals  from  the  core 
and  skin,  but  is  not  allowed  to  exceed  heat 
loss.  Where  the  cold  exposure  is  too  severe 
for  M  to  balance  heat  loss,  ST  is  largely  de¬ 
termined  by  the  heat  conduction,  characteris¬ 
tics  of  the  model.  Where  a  balance  occurs,  ST 
is  governed  by  the  depletion  time  of  the  en¬ 
ergy  reserve  for  shivering.  End  of  survival  is 
marked  by  the  core  temperature  reaching  a 
value  of  30^C,  although  the  model  is  capable 
of  predicting  lower  body  temperatures. 

Model  predictions  for  cold  water  (0  to  20°C) 
immersion  agree  with  the  values  reported  by 
Molnar  (1946)  and  Veghte  (197'2).  A  sam¬ 
pling  of  ST  predictions  for  nude  exposure  in 
relatively  calm  (1  km/h  wind)  cold  air  of  an 
average  healthy  male  are  the  following: 
3,5,10,  and  >  24  h  for-20,  -10,  0,  and  lO^C,  re¬ 
spectively.  With  2  do  of  insulation  in  10 
km/h  wind,  STs  are  7, 10, 17,  and  >  24  h  for 
-50,  -40,  -30,  and  -20°C.  The  predicted  STs 
must  be  weighed  against  the  extrapolative 
nature  of  the  model.  At  present,  it  would  be 
prudent  to  use  the  predictions  in  a  relative 


sense,  that  is,  to  estimate  the  benefit  of  in¬ 
creasing  one’s  insulation  in  terms  of  percent¬ 
age  increase  in  ST.  Clearly,  model  predic¬ 
tions  are  subject  to  fine  adjustments  as  more 
information  becomes  available  for  calibra¬ 
tion. 


Vallerand,  A.,  &  Jacobs,  1.  (1994).  High- 
energy  food  supplement,  energy  substrate 
mobilization  and  heat  balance  in  cold- 
exposed  humans.  In  A.  S.  Milton  (Eds.), 
Temperature  Regulation,  (pp.  351-356). 

Basel,  Switzerland:  Birkhauser  Verlag. 

Abstract  It  is  hypothesized  that  our 

inability  to  confirm  that  energy  substrate 
mobilization  is  a  limiting  factor  for  cold-in¬ 
duced  thermogenesis  (M)  in  humans  is  due  to 
a  sub-optimal  dose  of  ingested  substrates. 

This  hypothesis  was  tested  in  healthy 
males  exposed  twice  to  the  cold  (3h  at  7°C,  1 
m/s  wind,  nude,  fasting)  following  the  inges¬ 
tion  of  either  a  placebo  or  a  high-energy  food 
supplement  (710  kcal  or  2,970  kj).  The  sup¬ 
plement  did  not  influence  body  temperatures, 
M  or  heat  debt,  even  though  it  enhanced  car¬ 
bohydrate  mobilization  and  oxidation 
(P,).05),  albeit  at  the  expense  of  lipid  mobi¬ 
lization  and  oxidation  (p<0.05).  The  results 
suggest  that,  imder  normal  conditions,  energy 
substrate  mobilization  per  se  is  not  a  limiting 
factor  for  M  in  humans. 


1995 

Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
J.  (1995).  Skin  temperatures  during  exercise  in 
the  heat;  effects  of  training,  heat 
acclimation,  and  protective  clothing. 

(submitted  for  publication),  . 

Abstract  This  study  examined  the  in¬ 

fluence  of  endurance  training  and  heat  accli¬ 
mation  on  skin  temperatures  during  prolonged 
exercise  in  the  heat  while  wearing  normal 
clothing  and  clothing  with  a  limited  perme- 
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ability.  In  the  first  experiment  (Exp.  1), 
seven  yoimg  men  ( T  )  underwent  8  weeks 

of  physical  training  (60”80%  VO2  max  for 

30-45  min  •  day‘^  3-4  days  •  week"^  at  < 
25°C  db)  followed  by  6  consecutive  days  of 

heat  acclimation  (45-55%  V02max  for  60 
min  •  day'^  at  40°C  db,  30%  rh).  Nine  other 
young  men  (  T^+ha  )  underwent  corresponding 
periods  of  control  observation  and  heat  ac¬ 
climation.  In  the  second  experiment  (Exp.  2), 
eight  young  men  (T ha 6 )  were  heat-accli¬ 
mated  for  6  consecutive  days,  and  eight  other 
yoimgmen(THAi2  )  days  (two  6-day 

periods,  separated  by  a  1-day  rest  period). 
Before  and  after  each  treatment,  subjects 
completed  a  bout  of  treadmill  exercise  (20 

min  at  1.34  m  •  s■^  2%  grade  in  Exp.  1;  15  min 

at  1.34  m  •  S’\  0%  grade  in  Exp.  2)  in  a  cli¬ 
matic  chamber  (40"‘C  db,  30%  rh),  wearing  in 
turn  normal  or  protective  clothing.  Training 
increased  the  plasma  volume  of  T^^^^a 
jects  by  8%.  When  tested  in  normal  clothing, 
the  overall  heart  rate  (HR)  was  decreased 

by  9-13  beats  •  min’*  after  training.  When 
wearing  protective  clothing,  mean  skin  tem¬ 
perature  (Tgj^)  was  higher  after  training  (+ 
1.2°C  at  rest  to  05^C  at  15  min  of  exposure). 
Heat  acclimation  increased  the  plasma  vol¬ 
ume  of  T^2+ha  subjects  by  8%.  When  tested  in 
normal  clothing,  acclimation  reduced  overall 
rectal  temperature  (T^^)  by  0.2-0.3°C  and 
slowed  the  rate  of  increase  in  HR.  When 
wearing  protective  clothing,  the  was 
again  lower  by  0.2-0.3°C  after  acclimation.  In 
subjects,  heat  acclimation  induced  no  further 
change  in  any  physiological  variable  when 
wearing  normal  clothing,  but  decreased  over¬ 
all  by  0.2-0.5°C  and  by  0.2-0.3°C 
when  wearing  protective  clothing.  In  Tha6 
subjects,  6  days  of  heat  acclimation  caused  a 
0.1-0.2°C  reduction  in  overall  when 

wearing  normal  clothing.  In  T^Aia  subjects,  a 
12-day  acclimation  reduced  overall  HR  by  7- 


11  beats  •  min'*  when  wearing  normal  cloth¬ 
ing  and  by  0.1-0.2°C  when  wearing  pro¬ 
tective  clothing.  There  was  no  influence  of 
acclimation  length  on  T^j^,  or  HR  re¬ 
sponses  when  wearing  either  type  of  cloth¬ 
ing.  The  results  (increased  with  im- 

changed  or  unchanged  with  de¬ 

creased  )  suggest  that  by  expanding 
plasma  volume,  both  endurance  training  and 
heat  acclimation  allow  an  increase  in  skin 
blood  flow  during  prolonged  exercise  in  the 
heat,  this  being  more  pronotmced  when  wear¬ 
ing  protective  clothing. 


Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
J.  (1995).  Residual  analysis  in  the 
determination  of  factors  affecting  the 
estimates  of  body  heat  storage  in  clothed 
subjects.  Eur.  /.  Appl  Physiol,  (submitted  for 
publication). 

Abstract  Body  heat  storage  can  be  es¬ 

timated  by  calorimetry  (from  heat  gains  and 
losses)  or  by  thermometry  (  from  changes  (A) 

in  mean  body  temperature  ( Tj, )  calculated  as 
a  weighted  combination  of  rectal  (T^^)  and 
mean  skin  temperatures  ( T^j^).  If  an  invari¬ 
ant  weighting  factor  of  and  is  used 

(for  instance,  AT^,  =  O.SATj^  +  0.2ATgj^  under 
hot  conditions),  body  heat  storage  could  be 
over-  or  imderestimated  substantially  rela¬ 
tive  to  calorimetry,  depending  on  whether 
the  subject  was  wearing  light  or  protective 
clothing.  This  study  investigated  whether 
any  discrepancy  between  calorimetry  and 
thermometry  arose  from  methodological  er¬ 
rors  in  the  calorimetric  estimate  of  heat 
storage,  from  inappropriate  weightings  in 
the  thermometric  estimate,  or  from  both. 
Residuals  of  calorimetry  vs.  thermometric 
estimates  were  plotted  against  individual 
variables  in  the  standard  heat  balance  equa¬ 
tion,  applying  various  weighting  factors  to 

Tre  and  Whether  light  or  protective 
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clothing  was  worn,  the  calorimetric  ap¬ 
proach  generally  gave  appropriate  esti¬ 
mates  of  heat  exchange  components  and  thus 
heat  storage.  One  exception  was  in  estimat¬ 
ing  latent  heat  loss  from  sweat  evaporation. 

If  sweat  evaporation  exceeded  650  g  •  h  ^ 
when  wearing  normal  clothing,  evaporative 
heat  loss  was  overestimated  and  thus  body 
heat  storage  was  underestimated. 
Nevertheless,  if  data  beyond  this  ceiling  are 
excluded  from  analyses,  the  standard  4:1 
weighting  matched  calorimetric  heat  stor¬ 
age  estimates  quite  well.  When  wearing  pro¬ 
tective  clothing,  the  same  4:1  weighting  ap¬ 
proximated  calorimetric  heat  storage  with 
errors  of  -  10%,  but  only  if  environmental 
conditions  allowed  a  subject  to  exercise  for  > 
90  min.  The  best  thermometric  estimates  of 
heat  storage  were  provided  by  using  two  sets 
of  relative  weightings,  based  upon  the  indi¬ 
vidual's  metabolic  heat  production  (M  in 

••h"*):  {4-  [(M-;i;)  •;;);■*]  •2}:l  for 
an  initial,  thermoneutral  environment  and  {4 
+  [(M  “*  ^  ]  •  5  }:1  for  a  final,  hot  envi¬ 

ronment;  the  optimal  value  of  %  lies  between 

450  and  500  kJ  •  m'^  *  •h"^ .  We  conclude  that 
the  accuracy  of  thermometric  estimates  of 
heat  storage  can  be  improved  by  modifying 

weighting  factors  of  Tj.^  and  according.to 
environment,  type  of  clothing,  and  metabolic 
rate. 


Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
J.  (1995).  Determination  of  body  heat  storage 
in  clothing:  calorimetry  vs.  thermometry. 
Ewr.  /.  AppZ.  Physiol,  (in  press). 

Abstract  Two  methods  of  estimating 

body  heat  storage  were  compared  under  dif¬ 
fering  conditions  of  clothing,  training,  and 
acclimation  to  heat.  Six  male  subjects  under¬ 
went  8  weeks  of  physical  training  (60-80%  of 

maximal  aerobic  power  ( VO2  max )  for  30-45 

min  •  day'^ ,  3-4  days  •  week'^  at  <  25°C  db) 
followed  by  6  consecutive  days  of  heat  accli¬ 


mation  (45-55%  VO2  max  for  60  min  •  day‘‘ 
at  40°C  db,  30%  rh).  Nine  other  males  un¬ 
derwent  corresponding  periods  of  control  ob¬ 
servation  followed  by  heat  acclimation. 
Before  and  after  each  treatment,  subjects 
walked  continuously  on  a  treadmill  (1.34 

m  •  s'^  2%  grade)  in  a  climatic  chamber 
(40°C  db,  30%  rh)  for  an  average  of  118  min  ( 
range  92-120)  when  wearing  normal  light 
combat  clothing  and  for  an  average  of  50  min 
(range  32-68  min)  when  wearing  protective 
clothing  resistant  against  nuclear,  biological 
and  chemical  agents.  The  heat  storage  was 
determined  calorimetrically  (by  the  balance 
of  heat  gains  and  losses)  and  thermometri- 
cally  (by  the  conventional  equations,  using 
one  or  two  set(s)  of  relative  weightings  for 
the  rectal  temperature  (T^^)  to  mean  skin 

temperature  ( T^j^)  of  4:1  and  4:1,  or  2:1  and 
9:1  in  thermoneutral  and  hot  environments, 
respectively).  was  calculated  from  12- 
site  measurements,  weighted  according  to  the 
regional  distribution  of  body  surface  area  and 
the  first  eigenvectors  of  principal  component 
analysis.  Tliere  were  only  minor  differences 
(<  5%)  between  the  heat  storage  values  cal¬ 
culated  by  given  weighting  factors  for 

and  Tgj^,  whether  the  individual  coefficients 
were  derived  from  estimates  of  regional  sur¬ 
face  area  or  principal  component  methodolo¬ 
gies.  When  wearing  normal  clothing,  no  sig¬ 
nificant  differences  were  foimd  between  the 
two  estimates  of  heat  storage  (calorimetry 
vs.  thermometry  with  an  invariant  relative 
weighting  of  4:1)  in  any  experimental  condi¬ 
tion,  with  one  specific  exception:  when  wear¬ 
ing  protective  clothing,  thermometry  under¬ 
estimated  heat  storage  by  24-31%.  This  tm- 
derestimation  was  attenuated  by  using  two 
sets  of  relative  weightings  of  2:1  and  4:1  or 
2:1  and  9:1.  The  results  suggest  that  when 
subjects  wearing  protective  clothing  are 
transferred  from  thermoneutral  to  hot  envi¬ 
ronments,  the  accuracy  of  thermometric  esti¬ 
mates  of  heat  storage  can  be  improved  by  us¬ 
ing  two  sets  of  weighting  factors  for  and 
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Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
J.  (1995).  Heat  acclimation  and  heat 
tolerance  in  exercising  men  wearing 
protective  clothing:  influence  of  metabolic 
rate  and  acclimation  length.  Eur.  J.  Appl 
Physiol,  (in  press). 

Abstract  This  study  investigated  the 

influence  of  6  vs.  12  days  of  heat  acclimation 
on  the  tolerance  of  low-intensity  exercise  in 
the  heat  while  wearing  protective  clothing. 
Sixteen  young  men  were  acclimated  by 

treadmill  walking  (50%  V02max  for  60 

min  •  day )  in  a  climatic  chamber  (40°C  db, 
30%  rh)  for  either  6  consecutive  days  or  two 
6-day  periods,  separated  by  1-day  rest. 
Before  and  after  heat  acclimation,  the  sub¬ 
jects  performed  a  heat-exercise  test  (1.34 

m  •  S'^  0%  grade;  40°C  db,  30%  rh),  either 
under  control  conditions  (wearing  normal 
light  combat  clothing  (continuous  exercise;  n 
=  5))  or  wearing  protective  clothing  resistant 
against  nuclear,  biological  and  chemical 
agents  (repeated  bouts  of  15-min  walk  +  15- 
min  rest;  n  =  8).  Criteria  for  halting  the  test 
exercise  were  a  rectal  temperature  ( Tj.^  of 
39.3°C,  a  heart  rate  (HR)  >  95%  of  the  sub¬ 
ject's  observed  maximum,  unwillingness  of 
the  subject  to  continue,  or  the  elapse  of  150 
min.  Heat  acclimation  decreased  overall  test 
values  of  T^.^,  HR,  and  mean  skin  tempera¬ 
ture  for  both  control  and  protective  clothing 
conditions.  When  wearing  normal  clothing, 
acclimation  responses  were  about  twice  as 
large  after  12  than  after  6  days,  but  the  re¬ 
sponse  was  not  increased  by  longer  acclima¬ 
tion  when  wearing  protective  clothing.  Both 
6  and  12  days  of  acclimation  increased  toler¬ 
ance  times  in  protective  clothing  by  about  15 
min  (from  97  ±  4  to  112  ±  6  min  and  from  108  ± 
10  to  120  ±  10  min  for  6  and  12  days,  respec¬ 
tively).  We  conclude  that  the  physiological 
strain  and  limitation  of  heat-exercise  toler¬ 
ance  imposed  by  wearing  protective  clothing 
are  not  reduced  if  heat  acclimation  is  pro¬ 
longed  from  6  to  12  days. 


Aoyagi,  Y.,  McLellan,  T.  M.,  &  Shephard,  R. 
J.  (1995).  Determination  of  body  heat  storage: 
how  to  select  the  weighting  of  rectal  and 
skin  temperatures  for  clothed  subject.  Eur. }. 

Appl  Physiol,  (submitted  for  publication). 

Abstract  Two  methods  of  estimating 

body  heat  storage  were  compared  imder  dif¬ 
fering  conditions  of  clothing  and  acclimation 
to  heat.  Sixteen  male  subjects  imderwent  6 
consecutive  days  or  two  6-day  periods,  sepa¬ 
rated  by  a  1-day  rest  period  of  heat  acclima¬ 
tion,  exercising  60  min  •  day'^  at  45-55%  of 
maximal  aerobic  power  in  a  hot,  dry  envi¬ 
ronment  (temperature  40°C  db;  relative  hu¬ 
midity  30%;  and  wind  speed  0.3  m  •  S’\). 
Before  and  after  acclimation,  the  subjects 
wearing  either  normal  light  combat  clothing 
or  clothing  protective  against  nuclear,  bio¬ 
logical  and  chemical  agents  walked  on  a 

treadmill  at  1.34  m  •  S"^,  0%  slope  in  the 
same  environment  continuously  (n  =  11  for 
normal  clothing)  or  as  repeated  15-min  bouts 
of  exercise  followed  by  15-min  sitting  rest  (n 
=  5  for  normal  clothing  and  n  =  16  for  protec¬ 
tive  clothing).  Average  exposure  times  were 
147  min  (pre-acclimation)  and  150  min  (post¬ 
acclimation)  for  continuous  exercise  and  150 
min  (both  pre-  and  post-acclimation)  for  in¬ 
termittent  exercise  while  wearing  normal 
clothing,  and  103  min  (pre-acclimation)  and 
116  min  (post-acclimation)  for  intermittent 
exercise  while  wearing  protective  clothing. 
Heat  storage  was  determined  calorimetri- 
cally  (from  heat  gains  and  heat  losses)  and 
thermometrically  (using  various  weightings 
of  rectal  temperature  ( )  and  mean  skin 

temperature  ( ).  There  were  only  minor  (< 
5%)  differences  of  estimated  heat  storage, 
whether  calculations  used  a  single  specific 

heat  (3.47  kJ  •  kg’^  C‘^ )  or  a  value  com¬ 
puted  according  to  the  subject's  body  composi¬ 
tion.  When  wearing  normal  clothing,  a  for¬ 
mula  with  an  invariant  relative  weighting 

for  Tj.g  to  of  4:1  provided  the  best  ther¬ 
mometric  estimate  of  heat  storage.  When 
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wearing  protective  clothing,  the  invariant 
relative  weighting  of  4:1  underestimated 
heat  storage  by  2-12%;  underestimation  was 
attenuated  by  using  respective  relative 
weightings  for  a  thermoneutral  and  hot  envi¬ 
ronment  of  2:1  and  2:1  or  4:1  and  9:1  before  ac¬ 
climation  and  4:1  and  9:1  after  acclimation. 
We  conclude  that  the  accuracy  of  thermomet¬ 
ric  estimates  of  heat  storage  can  be  improved 
by  modifying  the  weighting  factors  according 
to  environment,  acclimation,  and  type  of 
clothing. 


Bourdon,  L.,  Vallerand,  A.,  Jacobs,  I.,  &  Bell, 
D.  G.  (1995).  The  effects  of  triazolam  on 
responses  to  cold  water  immersion  in  humans. 

Aviat.  Space  Environ.  Med.,  (in  press). 

Abstract  Managing  alertness  of  sol¬ 

diers  during  sustained  operations  is  a  serious 
source  of  concern  for  military  unit  comman¬ 
ders.  A  frequently  employed  strategy  is  to 
induce  sleep  before  an  operation,  especially 
operations  requiring  prolonged  travel.  Sleep- 
inducing  drugs  could  have  an  action  on  ther¬ 
moregulation  through  their  effect  on  alert¬ 
ness  and  a  possible  direct  effect  on  the  brain. 
The  goal  of  this  study  was  therefore  to  eval¬ 
uate  the  effect  of  a  commonly  prescribed  tri¬ 
azolam  (Halcion®)  on  thermoregulatory  re¬ 
sponses  to  cold-water  immersion.  Eight  sub¬ 
jects  were  immersed  twice  in  18°G  water  for 
up  to  90  min  in  the  morning;  once  after  ingest¬ 
ing  0.25  mg  triazolam  (TRZ)  the  prior 
evening,  and  again  after  placebo  (PLB) 
treatment.  There  were  no  significant  differ¬ 
ences  between  trials  for  mean  duration  of  the 
immersion,  the  change  in  rectal  temperature 
and  mean  skin  temperature.  Total  metabolic 
heat  production  was  similar  for  both  condi- 
tions:  767  ±  107  vs.  781±105  kJ»m-2  for  TRZ 
and  PLB,  respectively.  The  results  should  be 
considered  in  light  of  a  large  variation 
among  the  subjects  in  sensitivity  to  TRZ, 
which  was  unrelated  to  biometrical  charac¬ 
teristics  such  as  surface  area-to-mass  ratio, 
lean  body  mass,  %  body  fat,  physical  fitness. 
Although  not  statistically  significant,  there 


was  a  trend  for  a  smaller  increase  in  plasma 
free  fatty  acid  and  glycerol  concentrations 
after  water  immersion  with  TRZ.  The  results 
suggest  that  the  ingestion  of  a  single  dose  of 
Halcion  11  h  prior  to  a  cold-water  immersion 
is  not  likely  to  accelerate  the  rate  of  onset  of 
hypothermia.  Individual  sensitivity,  how¬ 
ever,  may  predispose  some  sensitive  subjects 
to  negative  effects  in  this  regard. 


McLellan,  T.  M.  (1995).  Heat  tolerance 
following  acclimation  to  the  microenviron¬ 
ment  of  NBC  protective  clothing.  Aviat. 
Space  Environ.  Med.,  (submitted  for  publica¬ 
tion). 

Abstract  The  purpose  of  the  present 
study  was  to  compare  heat  tolerance  while 
wearing  nuclear,  biological  and  chemical 
(NBC)  protective  clothing  following  a  hot- 
wet  (HW),  hot-dry  (HD)  or  cool-wet  (CW) 
heat  acclimation  protocol.  Twenty-nine 
males  were  assigned  to  groups  HW  (n  =  7), 

HD  (n  =  8),  CW  (n  =  7)  or  control  (C,  n  =  7). 

Peak  VO2  which  averaged  48  -  50 

ml  •  kg‘^  •  min’^  was  not  different  among 
the  groups.  Groups  HW,  HD  and  CW  com¬ 
pleted  12,  60-min  heat  acclimation  sessions 
wearing  the  NBC  clothing  (HW  and  CW)  or 
shorts  and  a  t-shirt  (HD)  at  40°C,  30%  rela¬ 
tive  humidity  (HW  and  HD)  or  22°C,  45% 
relative  humidity  (CW).  Before  and  after 
the  acclimation  or  control  period,  subjects 
were  evaluated  at  40°C  and  30%  relative 
humidity  during  intermittent  exercise  (15 

min  of  walking  at  1.33  m  •  s'^  and  15  min 
seated  rest)  while  wearing  the  NBC  protec¬ 
tive  clothing.  Heat  tolerance  trials  continued 
until  rectal  temperature  ( T^g )  reached 
39.3°C,  heart  rate  reached  or  exceeded  95% 
of  an  individual’s  maximum  for  3  min,  nausea 
or  dizziness  precluded  further  exercise,  the 
subject  asked  to  be  removed  from  the  cham¬ 
ber,  or  150  min  elapsed.  Lower  T^^,  T^j^  and 
heart  rates  were  observed  after  the  acclima¬ 
tion  period  only  for  group  HW  compared 
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with  C.  Lower  and  heart  rates  were 
foxmd  also  for  CW  compared  with  C.  Sweat 
evaporation  from  the  protective  clothing  in¬ 
creased  30  and  20  g  •  h’^  for  HW  and  CW,  re¬ 
spectively,  whereas  no  change  was  foimd  for 
HD.  There  was  no  difference  among  the 
groups  for  the  significant  increase  in  toler¬ 
ance  time  observed  following  the  acclimation 
or  control  period.  Mean  values  increased  from 
104  to  130  min  for  HW,  109  to  120  min  for  HD, 
88  to  108  min  for  CW  and  115  to  128  min  for  C. 
It  was  concluded  that  the  most  significant 

changes  in  T^.^,  and  heart  rate  while 
wearing  the  NBC  protective  clothing  in  a 
hot-dry  environment  will  occur  following 
heat  acclimation  that  involves  wearing  the 
clothing  during  exercise  in  the  hot  environ¬ 
ment.  Some  improvements  in  these  dependent 
measures  can  be  achieved  also  by  wearing 
the  NBC  clothing  during  exercise  in  a  cool 
environment.  Minimal  improvements  in  heat 
tolerance  while  wearing  the  protective 
clothing  should  be  expected  following  heat 
acclimation  that  does  not  involve  exposure  to 
the  microenvironment  of  the  clothing. 


McLeUan,  T.  M.,  Cheimg,  S.  S.,  &  Jacobs,  I. 
(1995).  Variability  of  time  to  exhaustion 
during  submaximal  exercise.  Can.  }.  Appl. 
Physiol,  20,  39-52. 

Abstract  Exercise  time  to  exhaustion 

(TE)  is  used  commonly  to  evaluate  the  success 
or  failure  of  such  treatments  as  endurance 
training  programs  or  nutritional  supplements. 
The  present  study  determined  the  variabil¬ 
ity  of  TE  during  submaximal  exercise  at  80% 

V02max.  Fifteen  males  performed  cycle  ex¬ 
ercise  to  exhaustion  on  5  occasions  at  the 
same  time  of  day  with  a  minimum  of  72  h  be¬ 
tween  sessions.  There  was  no  difference  in  TE 
(0.1  >  p  >  0.05)  among  the  trials  with  values 
ranging  from  14.4  ±  1.1  min  for  test  1  to  18.2  ± 
2.4  min  during  the  final  test.  Substantial 
variability  in  TE  over  the  5  trials  was  ob¬ 
served  among  subjects  with  coefficients  of 
variation  (CV)  ranging  from  2.8  to  31.4%. 


Subjects  were  divided  into  2  groups  using  the 
median  CV  for  TE.  For  the  low  CV  group  (n  = 
8),  TE  was  significantly  increased  during  test 
3  (14.9  ±  1.3  min)  compared  with  test  1  (12.8  ± 
1.0  min)  and  test  5  (12.5  ±  1.2  min).  For  the 
high  CV  group  (n  =  7),  TE  was  increased  dur¬ 
ing  test  5  (24.7  ±  3.7  min)  compared  with  the 

other  tests  (18.5  \(+-  2.2  mm).  CV  for  VO2, 

Vg,  pH,  PCO2  and  rectal  temperature  were 
less  than  5%  and  did  not  differ  between 
groups.  Post-hoc  power  calculations  revealed 
that  if  all  subjects  were  considered  as  one 
group,  sample  size  would  have  to  increase  to 
40  to  increase  the  power  to  0.8.  Due  to  the 
variability  in  TE  that  may  be  observed  with 
males  of  average  fitness,  it  is  concluded  that 
TE  should  not  be  the  only  dependent  measure 
used  to  evaluate  treatment  effects  during 
submaximal  exercise. 


Osczevski,  R.  J.  (1995).  Water  Vapor  Transfer 
Through  a  Hydrophilic  film  at  Sub-zerp 
Temperatures.  Textile  Research  Journal,  (in 
press). 

Abstract  The  rate  at  which  water  va¬ 

por  diffused  through  the  hydrophilic  com¬ 
ponent  of  Gore-Tex"^^  II  was  measured  at 
temperatures  ranging  from  -24°C  to  just  below 
the  freezing  point  of  water.  Although  the 
permeability  of  this  material  increased  ex¬ 
ponentially  with  temperature,  at  sub-zero 
temperatures,  water  vapor  transfer  was  still 
only  a  few  percent  of  what  it  would  normally 
be  at  room  temperature.  Other  hydrophilic 
films  and  coatings  used  in  outdoor  clothing 
are  likely  to  be  similarly  affected.  The  dif¬ 
fusion  process  in  such  materials  is  briefly  dis¬ 
cussed. 


Osczevski,  R.  J.  (1995).  The  Basis  of  Wind- 
chill.  Arctic,  (in  press). 

Abstract  The  wind-chill  index  has 

long  been  used  as  a  gauge  of  the  severity  of 
winter  weather.  It  has  remained  popular. 
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despite  severe  scientific  criticism,  because  it 
works.  How  it  can  work  when  it  has  been 
shown  to  be  faulty  has  not  previously  been 
explained.  A  model  of  heat  transfer  from  a 
frostbite  susceptible  area  of  the  face  suggests 
that  the  wind-chill  index  is  proportional  to 
the  actual  heat  transfer.  Therefore,  any 
wind-chill  index  always  produces  the  same 
skin  temperature  on  the  face.  This  is  the  link 
between  wind-chill  index  and  thermal  com¬ 
fort,  for  the  temperature  of  the  exposed  skin 
defines  how  cold  the  environment  feels,  at 
least  in  the  short  term.  Analysis  of  wind- 
chill  equivalent  temperatures  shows  that 
the  concept  is  flawed  and  improperly  used. 

A  new  definition  is  suggested. 


Osczevski,  R.  J.  (1995).  Comments  on  *TA^ind- 
chill”.  Bulletin  of  the  American 
Meteorological  Society,  . 

Abstract  Examines  the  intent  and  suc¬ 

cess  of  the  original  wind-chill  formula. 
Several  alternative  ways  of  expressing  the 
effect  of  wind  and  temperature  on  comfort  are 
described. 


Osczevski,  R.  J.  (1995).  Trial  By  Adventure. 
In  N.  H.  Collins  (Ed.),  International 
Conference  on  Cold  Weather  Military 
Operations,  Burlington,  VT:  US  Army  Cold 
Regions  Research  and  Engineering 
Laboratory. 

Abstract  In  combat,  cold  injuries 

caused  by  inadequate  protective  clothing  ap¬ 
pear  in  numbers  that  are  not  usually  seen  in 
peacetime  trials  and  exercises.  Between  1986 
and  1989,  several  experiments  were  carried 
out  to  examine  a  trial  concept  to  provide  a 
more  rigorous  peacetime  test  of  equipment.  A 
travelling  system  including  an  insulated  tent, 
clothing  and  sleeping  bag  was  developed  to 
enable  a  small  group  to  be  self-supported  for 
many  days  and  to  cover  distances  on  the  order 
of  1000  miles  across  open  country,  on  snowmo¬ 


biles.  Two  trials  are  described  and  the  per¬ 
formance  of  the  equipment  and  the  success  of 
the  trial  concept  are  discussed. 


Rayson,  M.  P.,  Davies,  A.,  &  BeU,  D.  G. 
(1995).  Heart  Rate  and  Oxygen  Uptake 
Relationship:  A  Comparison  of  Loaded 
Marching  and  Running  in  Women.  Eur,  J. 

Appl.  Physiol,  (in  press). 

Abstract  Heart  rate  ( beat  •  min'^ ) 

( f  ^ )  measured  during  marching  with  a  load 
is  often  used  to  predict  the  oxygen  cost  (1  min 
■1)  ( VO2)  of  the  activity.  The  prediction 

comes  from  the  f^/V02  relationship  deter¬ 
mined  from  laboratory  measures  of  f^  ^nd 

VO2  during  treadmill  running.  Data  from 
the  literature  suggest  that  this  may  not  be 
appropriate  in  males  and  has  yet  to  be  exam¬ 
ined  in  females.  This  study,  therefore,  com¬ 
pared  f^/V02  relationship  between  loaded 
marching  and  maximal  running  protocols  in 
females.  Sixteen  female  subjects  age  21.9 
(2.3)  yrs,  height  1655  (58)  mm,  weight  62.6 
(7.6)  kg  had  their  f^  (from  3-lead  chest  elec¬ 
trodes)  and  VO2  measured  first  during  stan¬ 
dard  treadmill  run  protocols,  and  again  one 
week  later  during  loaded  marching  protocols. 
The  slopes  and  intercepts  determined  from 

linear  regression  of  f^  on  V02for  each  indi¬ 
vidual  for  each  protocol  were  compared  as 

were  the  maximal  heart  rates  (fcmax)/  "^^2 
and  Ratings  of  Perceived  Exertion  (RPE)  from 
the  last  work  period  of  each  protocol  in 

paired  t-tests.  The  f^/Y02  slopes  (p<0.01) 
and  intercepts  (P<0.05)  differed  signifi¬ 
cantly  between  loaded  marching  and  running. 
Fcmax  for  loaded  marching  were  90%  of  f 

for  running  (P<0.01)  and  V02peak  for 
loaded  marching  were  80%  of  those  running 
(p<0.01).  However,  RPE  at  the  final  levels 
for  the  two  protocols  were  not  significantly 
different.  The  data  suggest  that  in  women 
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the  f^/V02  relationships  for  loaded 
marching  and  for  running  are  different.  This 
difference  is  similar  to  that  foimd  in  men 
when  speed  is  held  constant  and  the  load  and 
gradient  are  varied.  The  results  suggest  that 

it  would  be  erroneous  to  use  and  VO2  mea¬ 
sured  during  running  protocols  in  the  labora¬ 
tory  to  estimate  energy  expenditure  and  work 
intensity  during  loaded  marching  in  the 
field. 


ditions,  54%  of  CHOq^  would  be  fuelled  by 
plasma  glucose  oxidation  whereas  the  re¬ 
maining  46%  would  be  derived  from  the  com¬ 
bination  of  glycogen  and  lactate  oxidation. 
The  results  of  the  present  study  demonstrates 
that  cold  exposure  in  men  enhances  the 
turnover  and  metaboUc  clearance  of  plasma 
glucose.  The  results  also  suggest  that  carbo¬ 
hydrate  oxidation  during  cold  stress  appears 
to  be  about  equally  divided  between  the  oxi¬ 
dation  of  plasma  glucose  and  the  combination 
of  lactate  and  intramuscular  glycogen. 


Vallerand,  A.,  Zamecnik,  Y.,  &  Jacobs,  1. 
(1995).  Effects  of  cold  stress  on  plasma  glucose 
turnover  in  humans.  /.  AppL  Physiol,  (in 
press). 

Abstract  To  clarify  the  source  of  in¬ 

creased  carbohydrate  oxidation  during  cold 
stress,  six  males  rested  for  3h  at  29°C  and  at 
10°C  dressed  only  in  shorts.  After  priming 
the  blood  glucose  and  bicarbonate  pools,  U- 
l^Cb-glucose  was  infused  for  3h  in  each  con¬ 
dition  to  determine  the  plasma  glucose  rate 
of  appearance  (R^)  or  turnover,  under  rela¬ 
tive  steady-state  conditions.  Plasma  enrich¬ 
ment  (mole  per  cent  excess)  was  determined 
by  selective  ion  monitoring  gas-chromatog¬ 
raphy  mass-spectrometry.  Cold  exposure  de¬ 
creased  rectal  temperature,  mean  skin  tem¬ 
perature  and  increased  heat  debt,  metabolic 
rate,  whole  body  lipid  and  carbohydrate  ox¬ 
idation  (CHOqx),  compared  to  the  same  sub¬ 
jects  at  thermal  neutrality  (P<0.05).  Cold 
exposure  significantly  increased  from 

13.110.6  to  16.210.4  ^mol  •  kg  ’  •  min“’ 
(P<0.05).  Plasma  glucose  clearance  was  ele¬ 
vated  commensurately  by  the  cold  (from 

2.6810.15  to  3.5510.14  /Xmol  •  kg‘‘  •  min"'; 
P<0.05).  Assuming  that  Ra  is  completely  ox- 
idized  (thus  equivalent  to  maximum  rates  of 
plasma  glucose  oxidation,  Rqx)/  minimum 
rates  of  glycogen  and  lactate  oxidation  in  the 
cold  would  be  the  difference  between  CHOq^ 

and  Rqx/  about  14.013.0  Jimol  •  kg"'  •  min"' . 
Therefore,  under  the  present  laboratory  con- 


1986-1994 


133 


HPSD  Bibliography 


HPSD  Bibliography 


1986-1994 


51CD 


1986-1994 


135 


HPSD  Bibliography 


136 


HPSD  Bibliography 


1986-1994 


51  CD  -  Diving 


1986 

Eatock,  B.  C.,  &  Nishi,  R.  Y.  (1986). 
Procedures  for  Doppler  Ultrasonic 
Monitoring  of  Divers  for  Intravascular 
Bubbles.  (DCIEM  86-C-25).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  Doppler  ultrasonic  detec¬ 

tion  of  intravascular  bubbles  is  a  routine 
procedure  for  several  laboratories  engaged 
in  decompression  research.  This  technical 
communication  recommends  standard  proce¬ 
dures  to  be  followed  in  using  the  Doppler 
technique.  The  choice  of  monitoring  sites  is 
discussed.  The  two  cases  for  observation, 
rest  and  movement,  are  described,  and  rec¬ 
ommendations  for  scheduling  the  observa¬ 
tions  are  given.  Hints  for  making  good, 
weU-documented  tape  recordings  of  the 
Doppler  signal  are  included.  The  K-M 
Code  for  describing  the  results  is  explained, 
and  recommendations  for  the  information 
that  should  be  stored  in  records  are  given. 
Some  difficulties  in  interpreting  signals  are 
discussed. 


Eatock,  B.  C.,  &  Nishi,  R.  Y.  (1986). 
Doppler  Ultrasonic  Detection  Of 
Intravascular  Bubbles  During 
Decompression  From  The  1985  CAN/UK 
Saturation  Dives  To  100  And  360  MSW. 
(DCIEM  86-R-lO).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  Four  Royal  Navy  divers 

were  monitored  using  Doppler  ultrasound 
for  intravascular  bubbles  during  decompres¬ 
sion  from  two  saturation  dives  done  at  the 
Dive  Research  Facility  at  DCIEM.  The 
depths  of  the  dives  were  100  msw  and  360 
msw,  and  the  breathing  gas  was  oxy-he- 
lium.  The  object  of  the  monitoring  was  to 
provide  diagnostic  information  to  the  div¬ 
ing  medical  officers  responsible  for  the  di¬ 
vers'  welfare,  and  to  collect  information  on 
the  safety  of  the  decompression  profiles. 


The  divers  were  monitored  twice  daily 
throughout  the  decompressions.  In  the  first 
dive,  no  bubbles  were  detected  at  any  time. 
In  the  second  dive,  bubbles  were  detected  in 
all  subjects  around  the  depth  of  100  msw, 
before  a  scheduled  reduction  in  ascent  rate 
from  1.5  msw  per  hour  to  1.0  msw  per  hour. 
In  two  of  the  subjects,  the  bubbles  were  nu¬ 
merous.  Throughout  most  of  the  rest  of  the 
decompression,  few  bubbles  were  detected. 


Hamilton,  K.,  Fowler,  B.,  &  Porlier,  G. 
(1986).  A  study  on  the  effects  of  nitrogen 
narcosis  on  diver  performance.  In 
Proceedings  of  the  19th  Annual  Meeting  of 
the  Human  Factors  Association  of  Canada. 
(pp.  67-70),  Vancouver,  B.C.:  Human 
Factors  Association  of  Canada. 

Abstract  A  number  of  studies  have 

used  nitrous  oxide  to  investigate  nitrogen 
narcosis  in  humans  at  the  surface. 

However,  it  has  not  been  clearly  estab¬ 
lished  that  nitrous  oxide  and  hyperbaric 
air  produce  identical  effects  on  behaviour. 
Accordingly,  two  experiments  were  con¬ 
ducted  to  ascertain  if  the  effects  of  alcohol 
(ALC=1.5  mg/kg)  and  dextroamphetamine 
(DEX=15  mg)  in  combination  with  hyper¬ 
baric  air  were  comparable  to  those  obtained- 
with  nitrous  oxide  in  previous  surface  stud¬ 
ies.  In  each  experiment,  8  subjects  per¬ 
formed  a  serial  2,  3  and  4  choice-reaction 
time  task  at  a  pressure  of  6.4  AT  A.  The  re¬ 
sults  indicated  that  ALC  adds  to  the  im¬ 
pairment  produced  by  narcosis  and  DEX  has 
an  ameliorating  effect.  These  findings  con¬ 
firm  the  hypothesis  that  hyperbaric  air 
and  nitrous  oxide  produce  equivalent  quali¬ 
tative  effects  on  behaviour,  probably 
through  the  sane  mechanisms.  The  present 
study  also  demonstrates  the  validity  and 
practicality  of  using  nitrous  oxide  to  inves¬ 
tigate  the  effects  and  causes  of  inert  gas 
narcosis  in  humans  safely  and  economically 
on  the  surface. 
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Hamilton,  K.,  Porlier,  G.,  Landolt,  J., 
Fraser,  W.,  &  Fowler,  B.  (1986).  Effects  of 
inert  gas  narcosis  on  the  vestibular  ocular 
reflex.  Undersea  Biomed,  Res.,  13(3),  355- 
359. 

Abstract  A  study  was  conducted  to 

examine  the  vestibular  ocular  reflex  (VOR) 
during  narcosis.  The  slow  phase  velocity  of 
the  nystagmus  was  measured  in  she  subjects 
by  means  of  electronystagmography  during 
the  inhalation  of  25%  nitrous  oxide.  It  was 
found  that  nitrous  oxide  increased  the  ve¬ 
locity  of  the  slow  phase  component  of  the 
VOR  by  approximately  50%.  This  result 
indicates  that  the  gain  of  the  VOR  is  effec¬ 
tively  increased  during  nitrous  oxide  in¬ 
duced  narcosis.  It  appears  that  the  vestibu¬ 
lar  end  organs  and/ or  the  central  pathways 
controlling  nystagmus  are  affected  by  ni¬ 
trous  oxide  and  this  may  be  a  reason  for  the 
disruption  in  balance  associated  with  inert 
gas  narcosis. 


Hobson,  B.  A.,  Henderson,  D.  L.,  Grodski,  J. 
J.,  &  Allin,  L.  V.  (1986).  CANIUK  SAT- 
DIVES  1  &  2/85:  Operation  Summary 
Report.  (DCIEM  86-R-21).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  The  Canadian 

Experimental  Diving  Division,  in  conjunc¬ 
tion  with  the  Admiralty  Research 
Establishment,  Physiological  Laboratory 
agreed  to  conduct  two  HeHum/ Oxygen 
(He02)  Saturation  Dives  to  depths  of  100 
msw  and  360  msw  in  the  Diving  Research 
Facility  (DRF).  These  dives  were  con¬ 
ducted  imder  the  auspices  of  the 
Canada/United  Kingdom  Memorandum  of 
Understanding  (CAN/UK  MOU)  on  Human 
Undersea  Program  and  they  were  formally 
designated  CAN/UK  SAT-DIVE  1/85  and 
CAN/UK  SAT-DIVE  2/85.  The  aim  of 
SAT-DIVE  1/85  was  basically  training 
while  the  aim  of  SAT-DIVE  2/85  was  to 
complete  a  series  of  equipment  performance 
evaluations  enroute  to  and  while  at  360 


msw.  These  evaluations  looked  at  3  types 
of  equipment;  a  divers  gas  recirculating  sys¬ 
tem,  different  types  of  diver  thermal  pro¬ 
tection  suits,  and  diver  monitoring  equip¬ 
ment.  SAT-DIVE  2/85  consisted  of  4  days  of 
compression,  8  days  at  360  msw  and  16  days 
of  decompression.  Over  the  period  of  the 
dive  all  objectives  were  successfully  met. 


Nishi,  R.  Y.  (1986).  Altitude-Corrected  Air 
Diving  Decompression  Tables  and  Modified 
Treatment  Tables  for  CFSAT  (Canadian 
Forces  School  of  Aeromedical  Training), 
Edmonton.  (DCIEM  86-C-20).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  Decompression  tables  de¬ 

signed  for  use  at  sea  level  can  not  be  used  di¬ 
rectly  when  diving  at  reduced  atmospheric 
pressures.  Altitude-corrected  standard  air 
decompression  tables,  oxygen  decompression 
tables,  and  repetitive  diving  tables,  based 
on  the  DCIEM  1983  decompression  model, 
have  been  developed  for  the  Canadian 
Forces  School  of  Aeromedical  Training 
(CFSAT)  at  Edmonton,  Alberta.  These  ta¬ 
bles  can  be  used  directly  since  they  have 
been  calculated  for  the  elevation  of 
Edmonton.  Treatment  tables,  which  are  de¬ 
signed  for  use  at  sea  level,  also  can  not  be 
used  directly  at  altitude.  An  analysis  of 
treatment  tables  shows  that  the  standard 
treatment  tables,  if  dived  exactly  with  air 
only  as  the  breathing  gas,  are  unsafe  for  the 
inside  attendant  and  that  oxygen  breathing 
towards  the  end  of  the  tables  is  necessary  to 
reduce  the  risk  of  decompression  sickness. 


Nishi,  R.  Y.  (1986).  New  Canadian  Air 
Decompression  Tables.  Canadian  Diving 
Journal,  Summer,  22-27. 

Abstract  The  Defence  and  Civil 

Institute  of  Environmental  Medicine  has  re¬ 
cently  developed  a  new  set  of  decompres¬ 
sion  tables  for  compressed  air  diving  for  use 
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by  the  Canadian  Forces.  The  new  tables  in¬ 
clude  those  for  Standard  Air,  In-water 
Oxygen  Decompression,  Surface 
Decompression  with  Oxygen,  Repetitive 
Diving,  and  Corrections  for  Diving  at 
Altitude.  Of  interest  to  the  recreational 
diver  are  three  tables:  Short  Standard  Air, 
Repetitive  Dive  Factors  and  Allowable 
No-Decompression  Limits  for  Repetitive 
Dives.  These  tables  are  described  in  detail 
with  instructions  for  their  use.  Examples 
are  given,  followed  by  a  short  exercise  on 
applying  the  tables. 


Nishi,  R.  Y.  (1986).  Major  New  Tables  from 
DCIEM.  Pressure,  15(1),  5-6. 

Abstract  The  Defence  and  Civil 

Institute  of  Environmental  Medicine  has  re¬ 
cently  developed  a  new  set  of  decompres¬ 
sion  tables  for  compressed  air  diving  for  use 
by  the  Canadian  Forces.  The  new  tables  in¬ 
clude  those  for  Standard  Air,  In-water 
Oxygen  Decompression  and  Surface 
Decompression  with  Oxygen.  In  addition, 
tables  for  Repetitive  Diving  and 
Corrections  for  Diving  at  Altitude  have 
also  been  developed.  A  simplified  version 
of  the  standard  air  tables  and  the  repeti¬ 
tive  dive  tables  are  described. 


Tikuisis,  P.  (1986).  Modeling  the  obser¬ 
vations  of  in  vivo  bubble  formation  with 
hydrophobic  crevices.  Undersea  Biomed 
Res,  13(2),  165-180. 

Abstract  In  vivo  hydrophobic 

crevices  from  which  bubbles  emerge  upon 
decompression  are  hypothesized  to  account 
for  experimental  observations  of  bubble 
formation  in  decompressed  shrimp.  The 
conical  crevice  model  can  be  used  to  explain 
the  sharp  increase  in  the  number  of  bubbles 
observed  in  shrimp  for  decompression  ratios 
greater  than  4:1.  In  accordance  with  the  ob¬ 
served  attenuating  effects  of  pressure  pre¬ 


treatment  on  bubble  formation  in  shrimp, 
the  model  can  also  be  used  to  explain:  (a) 
the  evolution  of  the  gas  nuclei  to  smaller 
stable  sizes  during  compression;  (b)  the  re¬ 
turn  of  the  nuclei  to  their  original  stable 
configurations  when  the  overpressure  is  re¬ 
moved;  and  (c)  the  requirement  for  greater 
decompressions  to  cause  emergence  of  bub¬ 
bles  from  the  nuclei  as  the  magnitude  and 
period  of  pressure  pretreatment  are  in¬ 
creased.  A  new  crevice  geometry  with  el- 
liptically  shaped  walls  is  introduced 
which  reduces  the  height  of  the  crevice 
needed  for  bubble  emergence  and  relaxes  the 
constraints  for  the  stability  of  gas  nuclei. 
This  new  geometry  reduces  the  height  of 
crevices  required  for  the  prediction  of  bub¬ 
ble  emergence  an  order  of  magnitude  when 
compared  to  the  conical  crevice,  and  satis¬ 
fies  the  hydrophobic  crevice  condition  as 
long  as  the  crevice  surface  has  a  contact  an¬ 
gle  greater  than  90°. 


Ward,  C.  A.,  Tikuisis,  P.,  &  Tucker,  A.  S. 
(1986).  Bubble  evolution  in  solutions  with 
gas  concentrations  near  the  saturation 
value.  /.  Colloid.  Interface  ScL,  113,  388- 
398. 

Abstract  Conventional  methods  for 

predicting  the  rate  of  bubble  evolution  usu¬ 
ally  neglect  the  vapor  mside  the  bubble 
and  assume  that  as  the  bubble  evolves,  the 
gas  concentration  in  the  liquid  phase  at  the 
bubble  boundary  is  the  equilibrium  value 
corresponding  to  conditions  inside  the  bub¬ 
ble.  For  liquid-gas  solutioris  with  gas  con¬ 
centrations  near  the  saturation  value,  these 
approximations  are  inadequate.  Recently  a 
new  method  has  been  proposed  for  predict¬ 
ing  the  rate  of  bubble  evolution  in  which 
the  effects  of  the  vapor  are  included  and 
the  finite  rate  of  gas  transfer  at  the  bubble 
boimdary  is  accoxmted  for  without  the  addi¬ 
tion  of  any  new  fitting  parameters.  We 
compare  the  predictions  from  this  new  ap¬ 
proach  with  the  results  of  a  novel  set  of  ex¬ 
periments  in  which  two  bubbles  are  intro- 
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duced  simultaneously  into  a  liquid  gas  solu- 
tion  with  initial  radii  such  that  one  grows 
and  simultaneously  the  other  dissolves. 
This  allows  us  to  establish  accurately  the 
initial  gas  concentration.  The  calculations 
of  the  bubble  radius  as  a  function  of  time 
from  this  new  technique  are  found  to  closely 
reflect  the  measurements,  whereas  the  con¬ 
ventional  techniques  are  found  to  be  in  con¬ 
tradiction  with  the  measurements. 


Weathersby,  P.  K.,  Survanshi,  S.  S., 
Homer,  L.  D.,  Hart,  B.  L.,  Nishi,  R.  Y., 
Flyrm,  E.  T.,  &  Bradley,  M.  E.  (1986). 
Statistically  based  decompression  tables  L 
Analysis  of  standard  air  dives:  1950-1970, 
(NMRI  85-16).  Naval  Medical  Research 
Institute,  Bethesda,  MD. 

Abstract  A  large  number  of  air  dives 

was  examined  by  a  new  methodology. 
Several  essentially  empirical  models  of  de¬ 
compression  risk  were  considered  that  pre¬ 
dicted  the  probability  of  decompression 
sickness  (DCS)  for  a  given  pressure  exposure 
to  avoid  the  infinitely  sharp  threshold  pa¬ 
rameters  that  have  characterized  previous 
calculation  of  decompression  tables.  The 
candidate  models  used  several  distinct  for¬ 
mulations  of  tissue  gas  exchange  kinetics 
and  summed  tissue  overpressures  that  are 
calculated  during  the  dive  to  estimate  de¬ 
compression  risk.  The  models  were  com¬ 
pared  to  decompression  outcome  data  using 
the  statistical  principle  of  maximum  like¬ 
lihood. 

Reported  decompression  trials  from 
American,  British,  and  Canadian  Naval 
laboratories  were  examined  individually 
and  collectively  to  evaluate  the  proba¬ 
bilistic  models  and  their  parameters.  Only 
two  to  five  parameters  were  found  to  be  jus¬ 
tified  by  the  available  data  (more  than 
1,700  individual  exposures  were  consid¬ 
ered).  Diving  data  from  various  sources 
were  only  partially  compatible;  some  of 
the  discrepancy  may  arise  from  an  evolu¬ 
tion  of  diagnostic  criteria  over  several 


decades.  Predictions  were  made  of  the  out¬ 
come  for  additional  reported  diving  series, 
and  they  were  only  partly  successful.  The 
models  were  then  used  to  estimate  decom¬ 
pression  risk  for  current  USN  air  diving 
with  a  finding  of  a  wide  range  of  hazard. 
Specifically,  it  appears  that  short  dives 
are  quite  safe,  even  to  a  moderately  deep 
depth,  while  long  exposures  are  very  risky 
regardless  of  depth.  These  findings  will  be 
used  to  produce  a  set  of  standard  air  tables 
with  a  imiform  and  low  level  of  DCS  risk. 
Subsequent  work  will  extend  this  approach 
to  provide  a  single  model  for  many  forms  of 
diving,  thus  allowing  a  new  range  of  opera¬ 
tional  flexibility. 


1987 

Eatock,  B.  C.,  &  Nishi,  R.  Y.  (1987). 
Analysis  of  Doppler  ultrasonic  data  for 
the  evaluation  of  dive  profiles.  In  A.  A. 
Bove,  A.  J.  Bachrach,  &  L.  J.  Greenbaum  Jr 
(Eds.),  Underwater  Physiology  JX, 
Proceedings  of  the  Ninth  International 
Symposium  on  Underwater  and  Hyperbaric 
Physiology,  (pp.  183-195).  Bethesda,  MD: 
Undersea  and  Hyperbaric  Medical  Society. 

Abstract  The  development  of  decom¬ 

pression  tables  or  evaluation  of  dive  pro¬ 
files  has  been  traditionally  based  on  the 
observation  of  decompression  sickness 
(DCS).  A  better  method  of  evaluating  dive 
profiles  as  a  supplement  to  the  traditional 
method  is  the  use  of  the  Doppler  ultrasonic 
bubble  detector  to  detect  venous  gas  emboli 
(VGE).  It  provides  far  more  data  than  ob¬ 
serving  the  incidence  of  DCS  and  it  is  often 
possible  to  use  bubble  observations  to  com¬ 
pare  the  results  of  two  dives,  even  in  the 
absence  of  DCS.  The  meaning  of  the  data  is 
often  open  to  different  interpretations  be¬ 
cause  the  occurrence  of  bubbles  does  not  di¬ 
rectly  lead  to  observable  symptoms  of  de¬ 
compression  sickness.  However,  the  risk  of 
DCS  does  appear  to  be  increased  for  large 
numbers  of  VGE  and  conversely,  the  risk  of 
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DCS  appears  to  be  small  when  few  or  no 
bubbles  are  detected.  The  purpose  of  this 
paper  is  to  discuss  the  problems  of  analyz¬ 
ing  bubble  data  and  how  to  use  the  data  to 
evaluate  decompression  profiles.  If  the  as¬ 
sociation  between  bubbles  and  DCS  were 
better  established,  the  criterion  for  accept¬ 
ing  or  rejecting  profiles  could  be  expressed 
as  a  function  of  bubbles  observed.  Doppler 
data  are  categorical,  so  parametric  statis¬ 
tical  techniques  (  e.g.,  mean,  standard  de¬ 
viation,  analysis-of-variance)  cannot  be 
used  for  analysis.  Some  non-parametric 
statistical  tests  for  handling  categorical 
data  will  be  recommended  and  illustrated 
here  with  examples  from  experimental 
dives.  They  are  more  likely  to  produce  sig¬ 
nificant  results  than  invalid  application  of 
parametric  tests. 


Eatock,  B.  C.,  &  Sweeney,  D.  M.  C.  (1987). 
Digital  processing  of  doppler  ultrasonic 
signals  for  intravascular  bubbles.  (DCIEM 
87-RR-19).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  This  report  describes 

progress  made  in  the  development  of  a  sys¬ 
tem  for  the  automatic  detection  of  bubbles 
by  digitally  processing  Doppler  ultrasonic 
signals.  The  system  was  developed  primar¬ 
ily  because  of  the  need  for  an  objective 
means  of  counting  bubbles  in  the  blood  of 
divers,  aviators,  or  other  individuals  who 
have  been  subjected  to  a  reduction  in  ambi¬ 
ent  pressure.  The  number  of  bubbles  is 
thought  to  indicate  the  stress  felt  by  an  in¬ 
dividual  as  a  result  of  the  decompression. 
The  characteristics  of  the  signals  are  de¬ 
scribed,  and  the  theory  underlying  the  de¬ 
velopment  of  the  algorithm  is  developed. 
The  results  of  tests  of  the  algorithm  on  var¬ 
ious  signals  are  presented.  The  algorithm 
is  successful  at  detecting  the  presence  of 
bubbles  when  they  are  moderately  frequent, 
but  does  not  distinguish  infrequent  bubbles 
from  normal  cardiac  signals,  and  fails  to 
distinguish  bubbles  when  they  are  ex¬ 


tremely  numerous.  To  deal  with  the  latter 
case,  pattern  matching  should  be  used. 


Eaton,  D.,  &  Romet,  T.  (1987). 

Standardized  test  procedures  for  evalua¬ 
tions  of  diving  life  support  equipment  using 
human  subjects:  A  working  paper.  (DCIEM 
87-TR-25).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  Members  of  the  ABC-35 
Information  Exchange  Program  are  at¬ 
tempting  to  establish  standard  tests  for 
diving  life-support  equipment  evaluations 
that  involve  humans.  The  paper  presents  a 
framework  for  some  of  the  tests.  The  first 
topic  considered  is  the  characterization  of 
the  dive  subjects  in  terms  of  physical  char¬ 
acteristics,  cardio-respiratory  fimction, 
strength,  and  thermoregulatory  response. 
Secondly,  evaluation  protocols  for  testing 
breathing  apparatus  and  thermal  protec¬ 
tion  devices  are  discussed.  It  was  recom¬ 
mended  that  a  standard  glossary  of  terms 
be  produced  to  reduce  misinterpretation  of 
research. 


Hjelle,  J.  O.,  Eatock,  B.  C.,  &  Nordahl,  S. 

H.  (198^.  Doppler  monitoring  during  3 
dives  to  360  msw.  In  Xlllth  Annual  Meeting 
of  the  European  Undersea  Biomedical 
Society,  (pp.  67-76).  Palermo,  Italy:  EUBS. 

Abstract  Six  divers  participated  in 

each  of  3  heliox  dives  to  360  msw  at 
NUTEC,  totalling  18  different  divers.  The 
decompression  rate  was  27  msw/24  hours 
with  6  hour  night  stops  from  360  to  14  msw, 
followed  by  a  gradually  decreasing  rate  to 
the  surface.  The  partial  pressure  of  oxygen 
during  decompression  was  0.5  bar  from  360 
msw  to  14  msw,  later  the  oxygen  percentage 
was  21.  The  Doppler  ultrasound  imit  was  a 
multifrequency  pulsed  system.  A  2  MHz 
transducer  was  used  for  monitoring  the 
right  side  of  the  heart,  and  a  5  MHz  trans- 
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ducer  for  the  subclavian  veins,  the  femoral 
veins  and  the  carotid  arteries.  The  first 
venous  bubbles  were  found  at  345  msw,  10 
hours  after  the  decompression  started. 
There  was  an  increase  in  the  number  of  ve¬ 
nous  bubbles  detected  during  the  decompres¬ 
sions.  The  highest  bubble  grades  detected 
either  precordially  or  in  the  femoral  veins 
were  Grade  III,  in  7  divers  at  rest  and  in  all 
divers  after  movement  (Kisman-Masurel 
Code).  In  one  diver  persistent  venous  bub¬ 
bles  were  detected  15  hours  post-dive. 
Doppler  signals  characteristic  for  gas 
phase  were  found  in  both  carotid  arteries  of 
one  diver  following  knee-bending  in  two  af¬ 
ternoon  sessions  at  the  depths  of  21  msw  and 
I  msw  without  any  simultaneous  symptoms. 
At  shallow  depth,  one  diver  developed  in¬ 
tense,  but  transient  knee  pains  that  could  be 
interpreted  as  DCS.  Seven  other  divers  ex¬ 
perienced  some  intermittent  discomfort  and 
pains  in  the  lower  limbs  during  the  end  of 
decompression. 


Nishi,  R.  Y.  (1987).  The  DCIEM  decom¬ 
pression  tables  and  procedures  for  air  div¬ 
ing.  In  I.  Nashimoto  &  E.  H.  Lanphier 
(Eds.),  Decompression  in  Surface-Based 
Divings  Proceedings  of  the  Thirty-sixth 
UHMS  Workshop,  11-12  Sept  1986,  Tokyo, 
Japan,  (pp.  80-83).  Bethesda,  Md.: 
Undersea  and  Hyperbaric  Medical  Society, 
Inc. 

Abstract  New  decompression  tables 

for  compressed  air  diving  have  been  devel¬ 
oped  by  DCIEM  for  use  by  the  Canadian 
Forces.  These  include  tables  for  standard 
air  dives,  dives  with  in-water  oxygen  de¬ 
compression,  and  dives  using  surface  decom¬ 
pression  with  oxygen.  Repetitive  dive  pro¬ 
cedures  and  depth  corrections  for  diving  at 
altitude  were  also  developed.  Although 
these  tables  were  developed  in  1983,  the 
history  of  the  decompression  model  under¬ 
lying  the  tables  goes  back  over  20  years. 
The  standard  air  decompression  table,  in 
general,  is  more  conservative  than  the  US 


Navy  or  Royal  Navy  standard  air  tables. 
The  in-water  oxygen  table  uses  100%  oxygen 
at  9  metres  of  seawater  (msw)  until  the  de¬ 
compression  requirements  are  met.  The  sur¬ 
face  decompression  table  has  been  modified 
from  those  in  general  use  by  keeping  the 
last  in-water  stop  at  9  msw,  ascending  di¬ 
rectly  to  the  surface  and  returning  to  12  msw 
in  a  recompression  chamber  within  7  min, 
and  then  breathing  oxygen  until  the  decom¬ 
pression  requirements  are  satisfied.  Air 
breaks  are  taken  after  each  30-min  period 
on  oxygen.  All  three  decompression  tables 
cover  the  depth  range  to  72  msw.  The  bot¬ 
tom  times  allowed  at  each  depth  are  de¬ 
fined  by  a  normal  air  diving  limit  and  an 
exceptional  exposure  limit.  The  normal  air 
diving  limit  does  not  extend  beyond  54  msw. 
Validation  of  the  decompression  tables  was 
done  by  testing  selected  profiles,  both  in 
the  normal  air  diving  range  and  in  the  ex¬ 
ceptional  exposure  range.  About  900  man- 
dives,  both  dry-resting  and  wet-working, 
were  conducted  using  the  Doppler  ultrasonic 
bubble  detector  and  clinical  symptoms  of 
decompression  sickness  as  criteria  for  de¬ 
termining  the  decompression  stress  and  the 
safety  of  the  model.  Repetitive  dive  proce¬ 
dures  were  tested  with  all  three  decom¬ 
pression  procedures.  All  dive  profiles 
tested  were  controlled  by  a  real-time  on¬ 
line  decompression  computer  which  took 
into  accoimt  the  actual  time-pressure  pro¬ 
file.  Hence,  the  mathematical  model  was 
always  being  tested  instead  of  the  printed 
tables  derived  from  the  model.  The  DCIEM 
decompression  tables  have  now  been  offi¬ 
cially  adopted  for  use  by  the  Canadian 
Forces  for  aU  air  diving  operations  and  are 
also  being  used  by  several  commercial  div¬ 
ing  companies  and  commercial  diving 
schools. 


Romet,  T.  T.,  Padbury,  E.  H.,  &  Grodski,  J.  J. 
(1987).  Diver  Heating  at  Depths  to  360 
msw.  (DCIEM  87-RR-07).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 
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Abstract  Manned  diving  experiments 

at  simulated  depths  up  to  360  msw  were 
carried  out  at  DClEM’s  Diving  Research 
Facility.  Data  were  obtained  on  respira- 
tory  gas  heating  with  both  the  GSOL  hel¬ 
met  and  Heliox  18B  band  mask  as  well  as 
the  thermal  protection  provided  by  three 
hot  water  suits;  NRV  II,  by  Diving 
Unlimited  Inti.,  U.S.A.,  FCO  by  Finn- 
Christian  Olson  &  Son,  Norway  and 
Divematics  by  Divematics,  U.K.  Six  skin 
temperature  sites  (back,  arm,  chest,  thigh, 
calf  and  foot)  and  core  temperature  (rectal) 
were  continuously  monitored  and  minute 
averages  recorded  by  a  computer  controlled 
data  acquisition  system.  Breath-by-breath 
measurement  of  inspired  and  expired  tem¬ 
peratures  were  obtained  by  a  rapid  re¬ 
sponding  bead  thermistor  located  in  the 
oral-nasal  mask.  Subjective  thermal  com¬ 
fort  was  assessed  using  a  13  point  scale. 

Both  the  NRV  and  FCO  open  cir¬ 
cuit  design  suits  maintained  core  and  skin 
temperatures  during  exercise  and  simulated 
manual  work  with  mean  skin  temperatures 
remaining  remarkably  uniform  for  both 
suits  during  the  various  activities  per¬ 
formed.  The  FCO  suit  ensemble,  however, 
had  difficulties  in  maintaining  thermal 
comfort  in  the  hands  and  feet.  Both  suits 
integrated  well  with  the 
shroud/respiratory  gas  heating  system.  A 
hot  water  flow  rate  of  18  1/min  to  the  suit 
with  6.6  1/min  of  flow  diverted  to  the 
shroud  was  sufficient  to  maintain  the  tem¬ 
perature  and  comfort  of  both  the  body  and 
inspired  gas  within  acceptable  limits. 

The  Divematics  heating  system 
was  found  to  be  more  than  adequate  with 
respect  to  the  quantity  of  heat  delivered, 
even  at  the  lowest  operating  temperatures 
of  the  heating  unit  and  with  60%  of  the 
flow  bypassing  the  suit.  However,  the 
trimk  and  thighs  were  too  hot  with  the  pre¬ 
sent  flow  and  distribution  of  hot  water  and 
the  extremities,  especially  the  hands  were 
too  cold.  Additional  problems  with  water 
leakage  and  the  excessive  buoyancy  of  the 
suit  were  also  encoimtered.  It  is  suggested 
that  the  system  be  modified  to  provide 


lower  delivery  temperatures  to  the  suit  and 
the  clothing  ensemble  be  re-configured. 


1988 

Eaton,  D.  J.  (1988).  Canadian  Underwater 
Mine  Apparatus:  Manned  Evaluation  of  the 
First  Prototype,  (DCIEM  88-TR-31). 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  Two  series  of  manned  eval¬ 

uations  using  a  prototype  version  of  the 
Canadian  Underwater  Mine  Apparatus 
(CUMA)  were  completed  in  the  wet  cham¬ 
ber  of  the  Defence  and  Civil  Institute  of 
Environmental  Medicine  Diving  Research 
Facility.  The  CUMA  is  a  self-contained  re¬ 
breather  apparatus  employing  a  gas  supply 
system  that  mixes  pure  oxygen  with  a  dilu¬ 
ent  gas.  The  resultant  gas  mixture  supplied 
to  the  coimterlung  has  a  constant  oxygen 
partial  pressure  over  the  depth  range  of 
the  apparatus.  Operationally,  the  dilu¬ 
ents  used  are  nitrogen  for  depths  up  to  55 
metres  of  seawater  (msw)  and  helium  to  80 
msw.  In  the  first  evaluation  the  apparatus 
was  tested  using  nitrogen  diluent  at  15, 20, 
36, 45  and  60  msw  during  a  total  of  20  dives. 
Helium  diluent  was  used  during  the  eleven 
dives  of  the  second  series  at  depths  of  45, 

60, 80 ,  and  90  msw.  The  same  four 
Canadian  Forces  Clearance  Divers  partici¬ 
pated  as  subjects  in  both  evaluations. 
During  each  dive  the  subject  exercised  on  a 
bicycle  ergometer.  In  the  nitrogen  series 
two  work  protocols  were  used.  The  first  in¬ 
volved  continuous  work  at  an  ergometer  set¬ 
ting  of  50  watts  (W)  from  the  time  of  com¬ 
pression  to  the  end  of  the  bottom-time.  The 
second  was  an  incremental  protocol  to  max¬ 
imum  energy  expenditure  with  work  com¬ 
mencing  once  on  the  bottom.  Only  the  con¬ 
tinuous  work  protocol  was  used  during  the 
helium  diluent  series.  Data  collected  in¬ 
cluded  inspired  oxygen  and  carbon  dioxide 
partial  pressures.  Results  from  the  evalua¬ 
tions  were  very  promising.  The  mechanical 
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problems  were  relatively  minor,  but  the 
blockage  of  the  oxygen  flow  control  valve 
during  one  of  the  nitrogen  series  dives 
caused  the  inspired  oxygen  level  to  drop  be¬ 
low  the  design  limit  of  0.50  atmospheres 
absolute  (ATA)  to  0.30  ATA.  This  further 
emphasized  the  need  for  a  functional  diag¬ 
nostic  system  and  bail-out  that  would  in¬ 
form  the  diver  of  gas-mixer  malfunctions 
and  permit  safe  exit  from  the  water. 

During  the  evaluations  a  number  of  opera¬ 
tional  problems  became  evident.  Helium 
decompression  was  the  most  apparent. 
However,  the  general  conclusions  were  that 
the  technique  used  for  mixing  the  gas 
worked  as  predicted.  It  was  recommended 
that  development  of  the  apparatus  con¬ 
tinue  and  that  parallel  work  be  conducted 
to  develop  operational  diving  techniques 
and  support. 


Eaton,  D.  J.  (1988)  Estimating  Motor 
Performance  Decrements  Using  Ratings  of 
Perceived  Discomfort  M.Sc.,  School  of 
Human  Biology,  University  of  Guelph, 
Guelph,  Ontario. 

Abstract  This  thesis  investigated 

the  existence  of  a  relationship  between  per¬ 
ceived  discomfort  and  manual  control  task 
performance  during  fatiguing  contractions  of 
postural  muscles.  The  relationship  would 
establish  the  basis  of  a  workplace  ques¬ 
tionnaire  for  estimating  performance 
decrements  due  to  postural  constraint. 
Fourteen  trained,  male  subjects  performed 
an  adaptive  pursuit  tracking  task  with  the 
right  hand  with  the  right  shoulder  flexed 
90°  from  vertical  and  the  elbow  fully  ex¬ 
tended.  The  task  was  performed  while 
seated  and  continued  imtil  voluntary  ex¬ 
haustion.  Fifteen  minutes  later  the  task 
was  repeated  to  exhaustion.  The  tracking 
system  adapted  the  frequency  of  the  single 
sinusoid  driving  the  target  in  inverse  pro¬ 
portion  to  the  absolute  error  between  the 
cursor  and  target  displayed  on  an  oscillo¬ 
scope  screen.  Performance  scores  were  the 


frequency  of  the  target  motion  recorded  at  5 
second  intervals.  Discomfort  was  measured 
using  an  eleven  point  ratings  of  perceived 
discomfort  scale  developed  for  the  experi¬ 
ment.  Further  subjective  scores  were  ob¬ 
tained  using  a  modified  version  of  the 
McGill  Pain  Questionnaire.  The  question¬ 
naire  results  showed  strong  trends  towards 
specific  discomfort  related  adjectives 
which  would  be  useful  for  workplace  ques¬ 
tionnaire  development.  Separate  linear  re¬ 
gressions  of  discomfort  and  frequency 
against  time-on-task  were  significant; 
however,  correlations  of  frequency  against 
time-on-task  were  low.  A  variety  of  filter¬ 
ing  and  regression  methods  were  used,  with 
some  success,  to  improve  the  frequency-time 
relationship.  Recommendations  were  made 
for  improvements  to  future  experiments  us¬ 
ing  the  adaptive  tracking  task.  The  regres¬ 
sion  of  frequency  against  discomfort  was 
strong  enough  to  show  operationally  signif¬ 
icant  decreases  in  performance  with  in¬ 
creased  discomfort  ratings. 


Fairbum,  S.  M.,  Romet,  T.  T.,  &  Eaton,  D.  J. 
(1988).  On-land  validation  of  the 
Underwater  Metabolic  Assessment  System 
(UMAS).  (DCIEM  88-RR-47).  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  The  recent  increase  in  im- 

derwater  research  has  produced  an  accom¬ 
panying  need  for  methods  to  assess  energy 
and  ventilatory  requirements  of  diving  ac¬ 
tivities.  In  response.  The  Defence  and  Civil 
Institute  of  Environmental  Medicine 
(DCIEM)  designed  and  built  the 
Underwater  Metabolic  Assessment  System 
(UMAS).  It  consisted  of  a  low-resistance, 
open-circuit,  bag-in-box  breathing  appara¬ 
tus  and  its  main  feature  was  its  compact 
size  allowing  it  to  be  worn  on  a  diver’s  back 
in  water  or  in  air.  Moreover,  it  was  simple, 
adjustable,  and  allowed  control  of  respira¬ 
tory  hydrostatic  loading.  The  results  of  a 
study  to  validate  its  on-land  (dry)  perfor¬ 
mance  by  comparing  the  results  to  the  per- 
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formance  of  a  commercially  available 
standard  metabolic  cart  (Jaeger  Ergo- 
Oxyscreen)  are  described.  Nine  male  volun¬ 
teers,  aged  26-36,  participated  in  these 
steady  state  and  maximal  exercise  trials. 
Expiratory  tidal  volume  and  expired  frac¬ 
tions  of  carbon  dioxide  and  oxygen  were 
measured.  Values  for  oxygen  consumption, 
carbon  dioxide  production  and  ventilation 
were  then  calculated  for  both  the  UMAS 
and  the  metabolic  cart.  In  all  cases,  the  re¬ 
lationships  between  the  two  systems  were 
highly  correlated  and  significant.  The 
UMAS  proved  to  be  a  reliable  and  accurate 
system  for  on-land  measurement  of 
metabolic  and  respiratory  parameters. 


Gilmour,  K.  M.,  Eaton,  D.  J.,  &  Romet,  T.  T. 
(1988).  Measurement  of  oxygen  consumption 
using  the  Canadian  Clearance  Diving 
Apparatus  (CCDA),  (DCIEM  88-RR-46). 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  Canadian  Clearance 

Diving  Apparatus  (CCDA)  was  modified  to 
serve  as  a  100%  oxygen  rebreathing  system 
for  the  measurement  of  oxygen  consumption 

( VO2)  in  water.  Four  physically  active 
male  subjects  each  performed  three  exercise 
tests  on  an  electromagnetically-braked  bi¬ 
cycle  ergometer:  in  shorts  on  dry  land;  in 
shorts  while  submerged;  and  in  wet  suits 

while  submerged.  Mean  VO2  for  dry  exer¬ 
cise  was  significantly  less  than  mean  VO2 

for  either  wet  condition.  The  mean  VO2 
values  for  the  two  wet  conditions  were  not 
significantly  different,  but  no  subject  was 
able  to  complete  the  work  protocol  in  wet 
suits.  It  was  suggested  that  the  constrictive 
nature  of  the  wet  suit  restricted  blood  flow 
to  the  muscles,  thereby  reducing  the  re¬ 
moval  of  metabolic  waste  products  and  the 
supply  of  oxygen,  leading  to  an  increase  in 
muscle  fatigue.  Comparison  of  the  results 
with  standard  values  and  results  obtained 
using  the  Low  Resistance  Breathing 


Apparatus  (LRBA)  indicated  that  the 
CCDA  is  a  viable  system  for  the  measure¬ 
ment  of  VO2  in  water. 


Marshall,  S.,  &  Eaton,  D.  J.  (1988). 
Development  of  a  Replacement  Diving  Set 
for  the  Clearance  Diving  Breathing 
Apparatus  (Uf  (DCIEM  88-TR-24 
(Confidential)).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  This  report  describes  the 
development  of  a  replacement  for  the 
Clearance  Diving  Breathing  Apparatus 
(CDBA)  by  the  Experimental  Diving  Unit 
at  the  Defence  and  Civil  Institute  of 
Environmental  Medicine  and  FuUerton- 
Sherwood  Engineering  Ltd.  from  its  start  in 
October  1984  to  the  start  of  production  in 
January  1988.  The  report  covers  the  various 
tests  and  evaluations  carried  out,  the  re¬ 
sults  of  these  and  recommendations  for  the 
future.  The  new  set,  called  the  Canadian 
Clearance  Diving  Apparatus  (CCDA),  has 
proved  to  be  an  excellent  MCM  diving  ap¬ 
paratus  compared  to  the  present  equipment 
used  and  it  has  attracted  interest  from  sev¬ 
eral  other  Navies  around  the  world. 


Nishi,  R.  Y.,  &  Hobson,  B.  A.  (1988).  The 
DCIEM/Canadian  Forces  Air 
Decompression  Tables.  In  S.  B.  M.  Langley 
(Eds.),  Proceedings  of  the  Third  Annual 
Scientific  Symposium:  Diving  for  Science 
1986,  Assessing  the  Environment  (pp.  79- 
86).  Victoria  B.C.:  Canadian  Association  of 
Underwater  Science. 

Abstract  The  DCIEM  decompression 

tables  were  developed  in  1983  as  a  re¬ 
placement  for  the  US  Navy  Standard  Air 
Tables  for  Canadian  Forces  use.  A  brief  his¬ 
tory  of  the  development  is  described,  start¬ 
ing  with  the  research  started  in  1962  by 
Kidd  and  Stubbs  which  led  to  a  highly  suc¬ 
cessful  decompression  computer.  The  new 
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DCIEM/CF  decompression  tables  have  been 
based  on  the  Kidd-Stubbs  model  The  objec¬ 
tive  was  to  correct  some  of  the  deficiencies 
and  anomalies  in  the  model  to  achieve  a 
safer  set  of  tables.  The  new  decompression 
tables  are  more  conservative  than  the  US 
Navy  and  Royal  Navy  standard  air  tables. 
Of  interest  to  the  scientific  diver  are  four 
tables:  Short  Standard  Air,  Depth 
Corrections  for  Diving  at  Altitude, 
Repetitive  Dive  Factors,  and  Allowable 
No-Decompression  Limits  for  Repetitive 
Dives.  These  four  tables  are  described. 


Tikuisis,  P.,  Nishi,  R.  Y.,  &  Weathersby,  P. 
K.  (1988).  Use  of  the  maximum  likelihood 
method  in  the  analysis  of  chamber  air 
dives.  Undersea  Biomed  Res,  15(4),  301-313. 

Abstract  The  method  of  maximum 

likelihood  was  used  to  evaluate  the  risk  of 
decompression  sickness  (DCS)  for  selected 
chamber  air  dives.  The  parameters  of  two 
mathematical  models  for  predicting  DCS 
were  optimized  until  the  best  agreement  (as 
measured  by  maximum  likelihood)  corre¬ 
sponding  to  the  observed  DCS  incidents 
from  a  series  of  dives  was  attained.  The 
decompression  data  used  consisted  of  800 
man-dives  with  21  incidents  of  DCS  and  6 
occurrences  of  marginal  symptoms.  The 
first,  model  investigated  was  based  on  a 
nonlinear  gas  exchange  in  a  series  arrange¬ 
ment  of  four  compartments.  The  second 
model  was  based  on  a  monoexponential  gas 
exchange  in  a  parallel  arrangement  of  two 
compartments.  The  overall  statistical  suc¬ 
cess  in  describing  the  800  man-dives  was 
quite  similar  for  the  two  models. 

Predictions  of  safety  for  dives  not  part  of 
the  original  data  differed  for  the  models 
due  to  differences  in  gas  kinetics.  For  short, 
no-decompression  dives,  the  series  ar¬ 
rangement  of  compartments  predicted  a 
lower  incidence  of  DCS.  These  predictions 
were  more  consistent  with  the  outcome  of 
subsequent  testing  than  were  predictions  of 
the  parallel  compartment  model. 


Predictions  of  the  series  arrangement  model 
were  also  similar  to  those  of  a  single-com¬ 
partment,  two-exponential  model  that  was 
evaluated  with  over  1700  man-dives  by  the 
U.S.  Navy. 


1989 

Eaton,  D.  J.  (1989).  Canadian  Underwater 
Mine  Apparatus:  Unmanned  Performance 
Validation  of  the  Second  Prototype  Second- 
Stage  Regulator,  (DCIEM  89-TR-44). 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  Canadian  Underwater 

Mine  Apparatus  (CUMA)  is  a  rebreather 
type  apparatus  employing  a  self-contained 
gas  supply  system  &at  mixes  pure  oxygen 
with  a  diluent  gas.  The  resultant  gas  mix¬ 
ture  supplied  to  the  counterlung  has  a  con¬ 
stant  oxygen  partial  pressure  over  the 
depth  range  of  the  apparatus. 
Operationally,  the  diluents  used  are  nitro¬ 
gen  for  depths  up  to  55  metres  of  seawater 
(msw)  and  helium  to  80  msw.  After  the 
evaluation  of  the  first  prototype  of  the 
CUMA,  it  was  recommended  that  the  sec¬ 
ond  stage  regulator  in  diluent  circuit  be  re¬ 
engineered  to  increase  its  compatibility 
with  helium  and  saltwater  before  open  wa¬ 
ter  trials  to  80  msw  were  attempted.  The 
contractor,  Fullerton,  Sherwood  Engineering 
Limited,  produced  a  new  regulator  that  the 
Experimental  Diving  Unit  of  the  Defence 
and  Civil  Institute  of  Environmental 
Medicine  evaluated  prior  to  further 
manned  dives  with  the  CUMA  prototype. 
Apparatus  were  set  up  to  reproduce  the 
diluent  circuit  and  allow  simulation  of  div¬ 
ing  the  circuit.  Tests  of  the  regulator  were 
repeated  three  times  for  each  combination 
of  diluent  (helium  or  nitrogen),  high  pres¬ 
sure  supply  (500  to  1000  poimds  per  square 
inch,  gauge  (psig)  or  2000  to  3000  psig),  first 
stage  regulator  output  setting  (140, 155  and 
170  psig)  and  depth  (pressures  equivalent  to 
0  to  9  Bar  gauge).  The  results  showed  a 
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highly  linear  and  repeatable  function  of 
the  second  stage  regulator  in  relation  to 
depth.  Additionally,  no  gas  leaks  were 
found  in  the  regulator.  It  was  recommended 
that  the  new  second  stage  regulator  would 
be  suitable  for  continued  manned  evalua¬ 
tions  of  the  CUMA. 


Eaton,  D.  J.  (1989).  Future  Developments  in 
Unmanned  Underwater  Breathing 
Apparatus  Testing.  In  C.  E.  G.  Lundgren  & 

D.  E.  Warkander  (Eds.),  Physiological  and 
Human  Engineering  Aspects  of  Underwater 
Breathing  Apparatus,  The  Fortieth  UHMS 
Workshop,  (pp.  179-192).  Bethesda,  MD: 
Undersea  and  Hyperbaric  Medical  Society, 
Inc. 

Abstract  Unmanned  testing  of  un¬ 

derwater  breathing  apparatus  has  evolved 
over  a  number  of  years.  The  state-of-the- 
art  involves  using  breathing  machines  that 
reproduce  human  respiratory  demands  to 
determine  external  work  of  breathing,  peak 
mouth  pressures,  and  inspired  gas  quality. 
Evaluation  laboratories  use  standard  mea¬ 
surement  procedures  and  a  number  of 
breathing  apparatus  performance  criteria. 
However,  the  possibilities  for  improving 
techniques  and  performance  criteria  have 
not  been  exhausted.  By  increasing  our 
knowledge  of  human  respiratory  limita¬ 
tions  the  validity  of  breathing  machine 
test  results  could  improve.  Consequently,  by 
relating  unmanned  test  results  directly  to 
physiological  limitations,  the  life  support 
capacity  of  a  breathing  apparatus  could  be 
assessed  in  unmanned  trials,  while  manned 
trials  could  concentrate  on  more  subtle  hu¬ 
man  factors  such  as  buoyancy  and  mobility. 
Additionally,  new  techniques,  similar  to 
traditional  systems  analysis  methods, 
could  provide  engmeering  information  for 
equipment  design  and  mathematical  mod¬ 
elling  of  breathing  apparatus  performance. 


Hamilton,  K.,  Fowler,  B.,  Landolt,  J.,  & 
Porlier,  G.  (1989).  Nitrogen  narcosis  and 
ethyl  alcohol  increase  the  gain  of  the. 
vestibular  ocular  reflex.  Undersea  Biomed. 
Res.,  16(2),  129-137. 

Abstract  The  effects  of  air,  helium- 

oxygen  (6.4  ATA)  and  ethyl  alcohol  (40% 
by  volume  at  a  dose  of  1.5  ml/kg  body 
weight)  were  examined  on  the  gain,  number 
of  beats,  and  phase  lag  of  the  vestibular  oc¬ 
ular  reflex  (VOR)  by  means  of  electronys¬ 
tagmography  (n  =  7).  It  was  found  that  hy¬ 
perbaric  air  and  alcohol,  both  alone  and  in 
combination,  produced  approximately  the 
same  increase  in  the  velocity  of  the  slow 
phase  component  of  the  nystagmus,  thereby 
elevating  the  gam  of  the  system  to  unity. 
Hyperbaric  helium-oxygen  did  not  influ¬ 
ence  the  gain.  These  findings  suggest  that 
nitrogen  narcosis  differentially  impairs  the 
system  controlling  the  VOR.  It  is  proposed 
that  this  impairment  may  help  to  explain 
the  disorientation  sometimes  associated 
with  nitrogen  narcosis. 


Hamilton,  K.,  Fowler,  B.,  &  Porlier,  G. 
(1989).  The  effects  of  hyperbaric  air  in 
combination  with  ethyl  alcohol  and 
dextroamphetamine  on  serial  choice- 
reaction  time.  Ergonomics,  32(4),  409-422. 

Abstract  The  effects  of  ethyl  alcohol 
(1.5  ml/kg  body  weight)  and  dextroam¬ 
phetamine  (15  mg)  on  nitrogen  narcosis  were 
investigated  In  two  experiments  using  a  2-, 
3-  and  4-choice  serial  reaction  time  (RT) 
task  with  accuracy  held  constant.  Narcosis 
was  induced  with  air  at  6.4  atmospheres 
absolute  (ATA)  and  a  heliox  mixture  was 
used  as  a  control.  Heliox  at  6.4  ATA  did  not 
affect  RT.  Alcohol  alone  and  air  at  6.4 
ATA  increased  the  intercept  of  the  Hick- 
Hyman  fimction  whereas  amphetamine 
alone  decreased  it.  The  increased  intercept 
with  air  at  6.4  ATA  was  exacerbated  addi- 
tively  by  alcohol  and  ameliorated  antago¬ 
nistically  by  amphetamine.  It  is  concluded 
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that  these  data  are  consistent  with  the 
slowed  processing  model  which  proposes 
that  the  effects  of  narcosis  on  performance 
are  due  to  a  decrease  in  arousal  in  conjunc¬ 
tion  with  secondary  changes  in  task  strat¬ 
egy. 


Hobson,  B.  A.  (1989).  Development  and 
validation  considerations  in  decompression 
table  validation.  In  H.  R.  Schreiner  &  R. 

W.  Hamilton  (Eds.),  The  37th  Undersea 
and  Hyperbaric  Medical  Society 
Workshop,  Validation  of  Decompression 
Tables,  (pp.  25-31).  Bethesda,  MD: 
Undersea  and  Hyperbaric  Medical  Society. 

Abstract  In  April  of  1985,  the 
Canadian  Armed  Forces  accepted  into  ser¬ 
vice  a  set  of  new  Air  Decompression  Tables 
based  on  the  DCIEM 1983  Decompression 
Model.  The  major  factors  that  influenced 
the  development  and  validation  of  that 
model  will  be  described.  During  the  devel¬ 
opment  phase,  these  included  the  identifi¬ 
cation  of  the  scientific,  medical  and  opera¬ 
tional  personnel  forming  the  development 
and  validation  program,  the  approach  to 
be  taken  (scientific  vs.  operational)  in  order 
to  achieve  the  objectives  of  the  program, 
identification  or  development  of  a  candi¬ 
date  decompression  model,  extensive  com¬ 
puter  simulation,  analysis  and  comparison 
with  other  accepted  decompression  models, 
and  definition  of  procedures  to  meet  the 
concerns  and  requirements  of  the  operators. 
During  the  validation  phase,  these  in¬ 
cluded  the  selection  of  profiles  to  be  tested, 
the  number  of  dives,  data  collection  and 
analysis  considerations,  subject  selection 
and  control,  chamber  considerations 
(including  approximations  to  field  condi¬ 
tions),  and  development  of  emergency  pro¬ 
cedures. 


Nishi,  R.  Y.  (1989).  Dive  Computer 
Experience  in  Canada.  In  M.  A.  Lang  &  R. 

W.  Hamilton  (Eds.),  Proceedings  of  Dive 
Computer  Workshop,  (pp.  69-79). 

American  Academy  of  Underwater 
Sciences. 

Abstract  Dive  computer  research  and 

development  in  Canada  first  started  in  1962 
at  the  Canadian  Forces  Medical  Services 
Institute  of  Aviation  Medicine.  The  Kidd- 
Stubbs  pneumatic  analogue  dive  computer 
was  extensively  tested  with  approxi¬ 
mately  5000  man-dives  involving  single 
dives,  repetitive  dives  and  random  depth 
dives.  A  commercial  version  of  this  com¬ 
puter  was  developed  by  SPAR  Aerospace 
Products  Ltd.  When  microprocessors  became 
available,  a  series  of  digital,  microproces¬ 
sor-controlled  dive  computers  was  devel¬ 
oped  for  the  Defence  and  Civil  Institute  of 
Environmental  Medicine,  including  a  dive 
calculator,  surface/hyperbaric  chamber 
monitor  and  a  diver-carried  computer.  This 
research  and  development  resulted  in  the 
commercially  available  Cyberdiver  diver- 
carried  dive  computer.  In  addition  to  the 
extensive  monitoring  of  experimental, 
training  and  operational  dives  at  DCIEM, 
dive  computers  have  been  used  for  develop¬ 
ing  dive  tables  and  dive  procedures. 


Nishi,  R.  Y.  (1989).  Theoretical 
Considerations  for  Calculating  Flying  After 
Diving.  In  P.  J.  Sheffield  (Eds.), 

Proceedings  of  the  Thirty-ninth  UHMS 
Workshop,  Flying  After  Diving,  (pp.  122- 
134).  Bethesda,  MD:  Undersea  and 
Hyperbaric  Medical  Society. 

Abstract  The  prediction  of  flying  af¬ 

ter  diving  times  based  on  decompression 
models  used  to  generate  dive  tables  requires 
the  consideration  of  other  factors  which 
may  not  be  as  important  when  calculating 
dive  tables.  Most  commonly  used  decom¬ 
pression  tables  and  dive  computers  are 
based  on  models  that  have  an  ascent  crite- 
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rion  in  which  the  allowable  nitrogen  value 
(M-value)  is  linearly  related  to  the  ascent 
depth.  The  M-value  cannot  be  extrapo¬ 
lated  to  altitude  and  must  be  changed  for 
calculating  flying  after  diving  times. 
Compartments  with  longer  half-times  must 
also  be  considered  since  flying  after  diving 
can  be  considered  to  be  analogous  to  calcu¬ 
lating  the  decompression  requirements  fol¬ 
lowing  excursion  diving  during  a  saturation 
dive.  In  addition,  no  clear-cut  distinctions 
can  be  made  between  no-decompression 
dives  and  those  requiring  decompression 
stops.  These  are  illustrated  by  examples 
based  on  a  number  of  Haldanian  decompres¬ 
sion  models. 


Nishi,  R.  Y.,  &  Eatock,  B.  C.  (1989).  The 
Role  of  Ultrasonic  Bubble  Detection  in 
Table  Validation.  In  H.  R.  Schreiner  &  R. 
W.  Hamilton  (Eds.),  The  37th  Undersea 
and  Hyperbaric  Medical  Society 
Workshop,  Validation  of  Decompression 
Tables,  (pp.  133  -137).  Bethesda,  MD: 
Undersea  and  Hyperbaric  Medical  Society. 

Abstract  The  validation  of  decom¬ 

pression  tables  has  been  traditionally 
based  on  the  absence  of  clinical  symptoms  of 
decompression  sickness  (DCS)  in  a  set  num¬ 
ber  of  dives.  From  a  statistical  point  of 
view,  proving  the  safety  of  dives  using  this 
method  with  any  degree  of  confidence 
would  require  many  more  dives  than  are 
normally  feasible.  Ultrasoruc  monitoring  of 
bubbles  in  divers  provides  a  method  to  as¬ 
sist  in  the  evaluation  of  the  safety  or  risk 
of  dive  profiles.  This  presentation  reviews 
briefly  ultrasonic  methods  of  bubble  detec¬ 
tion  and  discusses  the  considerations  re¬ 
quired  for  table  validation.  The  Doppler 
ultrasonic  bubble  detector  is  the  most  useful 
for  table  validation  since  it  can  give  a  mea¬ 
sure  of  the  decompression  stress  of  a  dive. 
Experience  has  shown  that  dives  which 
produce  many  bubbles  in  the  majority  of 
subjects  have  a  higher  risk  of  DCS  than 
dives  which  produce  few  or  no  bubbles  in 


the  subjects.  Thus  this  provides  a  basis  for 
assessing  the  severity  of  the  decompression 
stress.  Based  on  DCIEM's  experience  in  us¬ 
ing  the  Doppler  ultrasonic  bubble  detector 
for  evaluating  dive  tables,  standardized 
procedures  for  bubble  detection  are  recom¬ 
mended. 


Nishi,  R.  Y.,  &  Eaton,  D.  J.  (1989).  Current 
Developments  in  Canada  Regarding  Nitrox 
and  Semi-Closed  Circuit  Diving  Systems.  In 
R,  W.  Hamilton,  D.  J.  Crosson,  &  A.  W. 
Hulbert  (Ed.),  Harbor  Branch  Workshop  on 
Enriched  Air  Nitrox  Diving,  National 
Undersea  Research  Program  Research 
Report  89-1,  (pp.  115-122).  Washington, 
D.C.:  National  Oceanic  and  Atmospheric 
Administration,  U.S.  Department  of 
Commerce. 

Abstract  The  Canadian  Clearance 

Diving  Apparatus  is  a  semi-closed  circuit 
breathing  apparatus  in  use  by  the 
Canadian  Forces.  This  apparatus  and  its 
commercial  version  are  designed  for  use  to 
55  metres  of  seawater  using  premixed  gases. 
The  decompression  requirements  for  semi- 
closed  circuit  systems  are  generally  deter¬ 
mined  from  the  Standard  Air  Tables  using 
the  equivalent  air  depth,  and  these  proce¬ 
dures  have  been  shown  to  be  reliable. 

There  are  advantages  and  disadvantages  of 
developing  specific  decompression  tables 
based  on  &e  actual  oxygen  content  in  the 
coxmterlung.  Such  tables  can  lead  to  shorter 
decompression  times  and  increased  no-de- 
compression  capability,  but  they  lead  also 
to  increased  complexity  and  some  uncer¬ 
tainty  because  of  changing  oxygen  levels. 
Other  options  exist  for  use  of  the  CCDA  in 
other  operational  modes  such  as  umbilical 
supplied. 
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1990 

Eaton,  D.  J.  (1990).  Water  Vapour  Content 
and  its  Effect  on  CABA.  (DCIEM  90-R-29). 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  During  the  winter  months 

the  Canadian  Forces  (CF)  have  experienced 
problems  with  high  water  content  levels  in 
divers’  compressed  breathing  gases.  One 
problem  investigated  was  the  validity  of 
the  standard  used  to  specify  water  content 
levels.  The  standard  suggests  that  water  is 
a  contaminant  in  the  compressed  gas  be¬ 
cause  it  might  cause  freezing  of  the  breath- 
ing  apparatus  regulators.  Present  thinking 
disagrees  with  this  suggestion;  conse¬ 
quently,  an  experiment  was  performed  in 
which  4  diving  regulators  used  by  the 
Canadian  Forces  were  tested  in  -1.0  to  0.0°C 
salt  water.  Two  conditions  were  tested. 

The  first  used  compressed  air  saturated 
with  moisture  at  3000  psig.  The  second  used 
air  at  3000  psig  with  no  more  than  5  millil¬ 
itres  per  cubic  metre  (mL/ m^)  by  volume 
water  content.  The  protocol  created  freeze- 
up  conditions  by  activating  the  second  stage 
purge  button  for  5  s,  stopping  for  5  s  and  then 
repeating  this  cycle  imtil  1500  psig  re¬ 
mained  in  the  supply  cylinder.  Only  one  of 
the  regulators  did  not  free-flow  in  either 
condition;  however,  no  free-flows  were  at¬ 
tributed  to  ice.  Instead,  material  perfor¬ 
mance  under  cold  conditions  was  blamed. 
Therefore,  it  was  recommended  that  the  CF 
standard  be  revised  to  remove  water  vapour 
as  a  cause  of  compressed  air  breathing  ap¬ 
paratus  regulator  freeze-up.  The  recom¬ 
mended  maximum  level  for  moisture  content 
in  compressed  air  breathing  apparatus  air 
supplies  was  50  mL/m^  by  volume  based  on 
the  standards  used  by  other  NATO  forces. 
Calculations  revealed  that  at  this  level 
the  gas  would  contain  little  water  to  cause 
corrosion;  however,  it  was  considered  pru¬ 
dent  to  recommend  an  analysis  of  the  possi¬ 


bility  of  corrosion  in  compressed  gas  distri¬ 
bution  and  storage  facilities. 


Eckenhoff,  R.  G.,  Olstad,  C,  S.,  &  Carrod, 

G.  (1990).  Human  dose-response 
relationship  for  decompression  and  endoge¬ 
nous  bubble  formation.  /.  AppL  Phj/siol, 
69(3),  914-918. 

Abstract  The  dose-response  relation¬ 

ship  for  decompression  magnitude  and  ve¬ 
nous  gas  emboli  (VGE)  formation  in  humans 
was  examined.  Pressure  exposures  of  138, 
150,  and  164  kPa  (12, 16,  and  20.5  ft  of  sea¬ 
water  gauge  pressure)  were  conducted  in  an 
underwater  habitat  for  48  h.  The  111  hu¬ 
man  male  volunteer  subjects  then  ascended 
directly  to  the  surface  in  <5  min  and  were 
monitored  for  VGE  with  a  continuous-wave 
Doppler  ultrasound  device  over  the  pre- 
cordium  or  the  subclavian  veins  at  regular 
intervals  for  a  24-h  period.  No  signs  or 
symptoms  consistent  with  decompression 
sickness  occurred.  However,  a  large  inci¬ 
dence  of  VGE  detection  was  noted.  These 
data  were  combined  with  those  from  our 
previously  reported  experiments  at  higher 
pressures,  and  the  data  were  fit  to  a  Hill 
dose-response  equation  with  nonlinear 
leastsquares  or  maximum  likelihood  rou¬ 
tines.  Highly  significant  fits  of  precordial 
VGE  incidences  were  obtained  with  the 
Hill  equation  (saturation  depth  pressure  at 
which  there  is  a  50%  probability  of  de¬ 
tectable  VGE  [D(yQp)5o]  =  150  ±  1.2  kPa). 
Subclavian  monitoring  increased  the  sensi¬ 
tivity  of  VGE  detection  and  resulted  in  a 
leftward  shift  [D(Y(3e)5o  =  135  ±  2  kPa]  of 
the  best-fit  curve.  We  conclude  that  the 
reduction  in  pressure  necessary  to  produce 
bubbles  in  humans  is  much  less  than  was 
previously  thought;  50%  of  humans  can  be 
expected  to  generate  endogenous  bubbles  af¬ 
ter  decompression  from  a  steady-state  pres¬ 
sure  exposure  of  only  135  kPa  (11  ft  of  sea¬ 
water).  This  may  have  significant  impli¬ 
cations  for  decompression  schedule  formula¬ 
tion  and  for  altitude  exposures  that  are  cur- 
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rently  considered  benign.  These  results  also 
imply  that  endogenous  bubbles  arise  from 
preexisting  gas  collections. 


Nishi,  R.  Y.  (1990).  Doppler  Evaluation  of 
Decompression  Tables.  In  Y.  C.  Lin  &  K.  K. 
Shida  (Eds.),  Man  in  the  Sea,  Volume  I. 

(pp.  297-316).  San  Pedro,  CA:  The  Best 
Publishing  Co. 

Abstract  The  Doppler  ultrasonic 

bubble  detector  is  a  valuable  tool  for  the 
evaluation  of  decompression  tables  and  pro¬ 
files.  The  primary  location  for  monitoring 
bubbles  is  the  precordial  region.  The  signal 
received  from  this  location  is  analyzed  ac¬ 
cording  to  some  bubble  grading  and  classifi¬ 
cation  scheme  such  as  the  Kisman-Masurel 
method  or  the  Spencer  method.  A  high 
level  of  bubble  activity  observed  in  the  cir¬ 
culatory  system,  although  not  necessarily 
related  to  decompression  sickness,  can  be 
used  as  an  indicator  of  decompression  stress. 
Experience  has  shown  that  individuals 
who  incur  decompression  sickness  generally 
have  high  bubble  scores  and  that  dives 
which  produce  many  bubbles  in  most  of  the 
subjects  are  not  desirable  from  a  decompres¬ 
sion  safety  standpoint.  The  application  of 
the  Doppler  ultrasonic  bubble  detector  dif¬ 
fers  depending  on  the  type  of  decompression 
profile  being  monitored.  For  evaluating  de¬ 
compression  tables  for  non-saturation  dives, 
the  Doppler  is  primarily  useful  as  a  post¬ 
dive  analysis  tool.  It  is  not  too  useful  for 
controlling  the  rate  of  decompression  of 
such  dives  since  bubbles  quite  often  do  not 
become  detectable  until  after  the  surface  is 
reached.  As  bubbles  can  persist  for  several 
hours  after  the  dive,  it  is  important  that 
subjects  be  monitored  periodically  for  at 
least  two  hours.  On  the  other  hand,  for 
saturation  dives  or  for  deep,  long  non-satu¬ 
ration  dives  requiring  substantial  decom¬ 
pression,  the  Doppler  monitoring  can  be 
done  while  at  pressure  during  decompres¬ 
sion.  If  an  excessively  high  level  of  bubble 
activity  is  observed  at  some  stage  m  the  de¬ 


compression,  then  corrective  action  can  be 
taken,  either  by  changing  the  decompres¬ 
sion  profile  or  by  increasing  the  partial 
pressure  of  oxygen.  Continuing  the  decom¬ 
pression  with  high  bubble  activity  can  lead 
to  potential  problems  with  decompression 
sickness. 


Tikuisis,  P.,  Gault,  K.,  &  Carrod,  G.  (1990). 
Maximum  likelihood  analysis  of  bubble 
incidence  for  mixed  gas  diving.  Undersea 
Biomed  Res,  17(2),  159-169. 

Abstract  The  method  of  maximum 

likelihood  has  been  applied  to  predict  the 
incidence  of  bubbling  in  divers  for  both  air 
and  helium  diving.  Data  were  obtained 
from  108  air  man-dives  and  622  helium 
man-dives  conducted  experimentally  in  a 
hyperbaric  chamber.  Divers  were  moni¬ 
tored  for  bubbles  using  Doppler  ultrasonics 
during  the  period  from  surfacing  until  ap¬ 
proximately  2  h  after  surfacing.  Bubble 
grades  were  recorded  according  to  the  K-M 
code,  and  the  maximum  value  in  the  pre¬ 
cordial  region  for  each  diver  was  used  in 
the  likelihood  analysis.  Prediction  models 
were  based  on  monoexponential  gas  kinetics 
using  one  and  two  paraUel-compartment 
configurations.  The  model  parameters  were 
of  three  types:  gas  kinetics,  gas  potency, 
and  compartment  gain.  When  the  potency 
of  the  gases  was  not  distinguished,  the  risk 
criterion  used  was  inherently  based  on  the 
gas  supersaturation  ratio,  otherwise  it  was 
based  on  the  potential  bubble  volume.  The 
two-compartment  model  gave  a  signifi¬ 
cantly  better  prediction  than  the  one-com¬ 
partment  model  only  if  the  kinetics  of  .ni¬ 
trogen  and  helium  were  distinguished.  A 
further  significant  improvement  with  the 
two-compartment  model  was  obtained 
when  the  potency  of  the  two  gases  was  dis¬ 
tinguished,  thereby  making  the  potential 
bubble  volume  criterion  a  better  choice  than 
the  gas  pressure  criterion.  The  results  sug¬ 
gest  that  when  the  method  of  maximum 
likelihood  is  applied  for  the  prediction  of 
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the  incidence  of  bubbling,  more  than  one 
compartment  should  be  used  and  if  more 
than  one  is  used  consideration  should  be 
given  to  distinguishing  the  potencies  of  the 
inert  gases. 


Tikuisis,  P.,  Nishi,  R.  Y.,  Mark,  H.  L.,  & 
Weathersby,  P.  K.  (1990).  Comparison  of 
Decompression  Procedures  for  He02  Dives 
using  the  Method  of  Maximum  Likelihood, 
(DCIEM  90-RR-01).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  The  method  of  maximum 

likelihood  was  used  to  predict  the  inci¬ 
dence  of  decompression  sickness  (DCS)  for 
two  different  decompression  procedures. 
These  were  based  on  the  new  DCIEM/ CF 
He02  and  the  US  Navy  Surface-Supplied 
Helium-Oxygen  Partial  Pressure  decom¬ 
pression  tables.  The  dive  profiles  analyzed 
consisted  of  44  different  dives  m  the  depth 
range  from  37  to  99  msw  and  bottom  times 
from  10  to  120  min.  These  dives  represented 
exposures  within  or  at  the  CF  normal  oper¬ 
ational  limits  and  at  or  beyond  the  CF  ex¬ 
ceptional  exposure  limits.  The  prediction 
model  consists  of  mono-exponential  gas  ki¬ 
netics  with  independent  time  constants  for 
helium  and  nitrogen,  and  a  DCS  risk  func¬ 
tion  based  on  the  inert  gas  supersaturation. 
Data  from  which  the  model  parameters 
were  determined  were  obtained  from  a  total 
of  1949  chamber  man-dives  on  air  (1041) 
and  on  He02  (908).  No  significant  differ¬ 
ence  in  the  predicted  incidence  of  DCS  was 
foxmd  between  the  two  different  decompres¬ 
sion  procedures.  However,  the  predicted 
incidence  of  DCS  was  frequently  lower  for 
dives  within  the  normal  operational  limits 
using  the  DCIEM  vs.  US  Navy  decompres¬ 
sion  procedures.  Arguments  in  favour  of  the 
DCIEM  decompression  procedures  other 
than  that  suggested  by  the  consistency 
noted  above  include  procedural  simplicity, 
the  use  of  O2  at  a  lower  pressure  which  re¬ 
duces  the  risk  of  O2  toxicity,  and  the 


switch  to  air  during  decompression  which 
improves  communication  and  reduces  cost. 


Weathersby,  P.  K.,  Survanshi,  S.  S.,  & 
Nishi,  R.  Y.  (1990).  Relative 
Decompression  Risk  of  Dry  and  Wet 
Chamber  Air  Dives.  Undersea  Biomed  Res, 
17(4),  333-352. 

Abstract  The  difference  in  risk  of  de¬ 

compression  sickness  (DCS)  between  dry 
chamber  subjects  and  wet,  working  divers  is 
unknown  and  a  direct  test  of  the  difference 
would  be  large  and  expensive.  We  used 
probabilistic  models  and  maximum  likeli¬ 
hood  estimation  to  examine  797  dry  (and 
generally  resting  and  comfortable)  and  244 
wet  (and  generally  working  and  cold) 
chamber  dives  from  the  Defence  and  Civil 
Institute  of  Environmental  Medicine,  sup¬ 
plemented  with  483  wet  (working,  cold) 
dives  from  the  Navy  Experimental  Diving 
Unit.  Several  analyses  considered  whether 
dry  and  wet  data  were  distinguishable  us¬ 
ing  several  models,  whether  models  ob¬ 
tained  from  one  set  of  exposure  conditions 
would  correctly  predict  the  occurrence  of 
DCS  in  the  other  condition,  and  whether  a 
single  wet-dry  risk  difference  parameter 
was  different  from  zero.  Although  the  two 
conditions  may  not  produce  identical  risks, 
immersion  appears  to  change  relative  risk 
of  DCS  by  less  than  30%  and  certainly  in¬ 
volves  less  than  a  doubling  of  DCS  risk. 
Uncontrolled  differences  in  exercise  and 
temperature  stresses  unavoidably  compli¬ 
cate  interpretation.  Several  methods  are 
presented  to  extrapolate  results  from  dry- 
test  subjects  in  decompression  trials  to  ex¬ 
pected  at-sea  performance. 
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1991 

Nishi,  R.  Y.  (1991).  The  CANDID  diving 
data  base.  In  W.  Sterk  &  R.  W.  Hamilton 
(Eds.),  European  Undersea  Biomedical 
Society  Workshop:  Operational  Dive  and 
Decompression  Data:  Collection  and 
Analysis,  (pp.  21-30).  European  Undersea 
Biomedical  Society. 

Abstract  CANDID  (CANadian 

Diving  Data)  is  a  diving  and  decompression 
data  base  containing  a  detailed  record  of 
all  dives  done  in  the  DCIEM  diving  pro¬ 
gram  since  1964.  This  presently  consists  of 
approximately  5500  different  dive  expo¬ 
sures  involving  about  16000  man-dives  and 
1700  subjects.  These  include  experimental 
dives  for  decompression  research,  physio¬ 
logical,  respiratory,  and  psychological 
testing,  familiarization,  training,  and 
equipment  testing.  Almost  all  of  the  dives 
have  accurate  time-depth  profile  informa¬ 
tion  for  the  entire  dive.  CANDID  is  a  rela¬ 
tional  data  base  using  the  INGRES  rela¬ 
tional  data  base  management  system. 

There  are  11  relational  tables,  six  for  data 
entry  and  five  lookup  tables,  with  30 
fields.  Data  entry  and  retrieval  are  con¬ 
ducted  by  means  of  a  series  of  convenient 
menu  screens.  CANDID  has  been  used  ex¬ 
tensively  for  a  number  of  studies,  in  particu¬ 
lar  for  the  development  of  new  air  and 
mixed-gas  decompression  tables  and  for  the 
development  of  probabilistic  decompression 
models  using  the  principle  of  maximum 
likelihood.  Although  CANDID,  as 
presently  structured,  has  been  designed 
primarily  as  a  decompression  research  data 
base  for  chamber  dives,  it  can  be  used  as  a 
general  dive  data  base  and  can  be  easily  ex¬ 
tended  into  an  operational  diving  data 
base. 


Sawatzky,  K.  D.,  &  Nishi,  R.  Y.  (1991). 
Assessment  of  inter-rater  agreement  on  the 
grading  of  intravascular  bubble  signals. 

Undersea  Biomed  Res,  18(5-6),  373-396. 

Abstract  Transcutaneous  Doppler  ul¬ 

trasonic  bubble  detectors  are  widely  used  in 
decompression  research.  However,  inter¬ 
pretation  of  the  complex  acoustic  signals 
from  the  bubble  detectors  involves  a  degree 
of  subjectivity  and  the  comparability  of 
grades  assigned  by  different  raters  must  be 
assessed.  Hypothetical  data  were  used  to 
determine  an  appropriate  method  for  eval¬ 
uating  the  comparability  of  Doppler  raters 
and  to  illustrate  the  limitations  of  many 
nonparametric  statistics.  Two  sets  of  real 
data  were  then  used  to  evaluate  this  proce¬ 
dure,  the  first  from  a  training  exercise  car¬ 
ried  out  by  IGsman  and  Masurel  (1978,  un¬ 
published)  and  the  second  from  a  test  tape 
that  was  independently  scored  by  five 
DCIEM  Doppler  technicians.  The  results 
were  analysed  by  a  two  stage  approach. 
First,  they  were  entered  into  contingency 
tables  and  checked  for  large  disagreements, 
a  tendency  for  one  rater  to  grade  higher 
than  the  other,  and  the  degree  of  variabil¬ 
ity.  Second,  the  results  were  analysed  with 
the  nonparametric  weighted  kappa  statis¬ 
tic.  These  studies  have  led  to  a  practical, 
efficient  method  for  the  evaluation  of 
Doppler  raters. 


Tikuisis,  P.,  Ward,  C.  A.,  Weathersby,  P. 
K.,  &  Nishi,  R.  Y.  (1991).  An  expanded  use 
of  maximum  likelihood.  In  W.  Sterk  &  R. 
W.  Hamilton  (Eds.),  European  Undersea 
Biomedical  Society  Workshop: 

Operational  Dive  and  Decompression 
Data:  Collection  and  Analysis,  (pp.  128- 
132).  European  Undersea  Biomedical 
Society. 

Abstract  The  purpose  of  this  study 

was  to  demonstrate  the  implementation 
and  analysis  of  additional  risk  factors  for 
the  prediction  of  DCS  using  the  method  of 
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maximum  likelihood.  These  factors  can  be 
an  attempt  to  introduce  differences  between 
individuals  such  as  complement  activation. 
This  study  has  demonstrated  that  the  ad¬ 
ditional  factor  using  a  relatively  small 
data  set  can  be  coupled  to  an  existing  proba¬ 
bilistic  model.  It  is  emphasized,  however, 
that  the  development  of  the  existing  model 
required  a  data  set  of  at  least  two  orders  of 
magnitude  higher  than  the  subset  involv¬ 
ing  the  individual  risk  factor.  Although 
many  options  are  available  for  coupling  the 
additional  factor,  only  one  was  explored 
(i.e.  multiplicative  with  a  hyperbolic  func¬ 
tion).  Further  studies  are  required  to  opti¬ 
mize  the  coupling.  If  successful,  it  is  con¬ 
ceivable  that  decompression  tables  for  a 
specific  individual  may  become  possible. 


Tikuisis,  P.,  Weathersby,  P.  K.,  &  Nishi, 

R.  Y.  (1991).  Maximum  Likelihood 
Analysis  of  Air  and  He02  dives.  Aviat. 
Space  Environ,  Med,,  62,  425-431. 

Abstract  The  method  of  maximum 

likelihood  analysis  was  applied  to  data 
consisting  of  1,949  man-dives,  of  which 
1,041  were  on  air  and  908  were  on  He02 
mixtures.  These  dives  represented  a  wide 
range  of  bottom  time  and  depth  combina¬ 
tions,  and  had  an  overall  incidence  of  de¬ 
compression  sickness  (DCS)  of  4.64%. 
Several  models,  based  on  single  exponential 
gas  uptake  in  either  one  or  two  compart¬ 
ments,  were  tested  for  predicting  the  inci¬ 
dence  of  DCS.  The  criterion  for  defining  the 
risk  of  DCS  was  based  on  the  concept  of  po¬ 
tential  gas  volume  (i.e.,  the  volume  of  a 
bubble  that  could  form  and  be  in  equilibrium 
with  the  remaining  gas  dissolved  in  solu¬ 
tion).  This  criterion  takes  into  account  the 
solubilities  of  the  gases  in  solution,  but  can 
be  adjusted  to  account  only  for  the  partial 
pressures  of  the  gases.  The  best  model  for 
the  prediction  of  DCS  was  foimd  for  two 
compartments  where  the  kinetics  (time  con¬ 
stants)  and  not  the  gas  solubilities  of  nitro¬ 
gen  and  heUum  were  distinguished  from 


each  other.  Results  using  the  best  predic¬ 
tion  model  with  the  present  data  suggests 
the  following:  1)  most  of  the  risk  of  DCS 
occurs  after  surfacing;  2)  most  of  the  risk  oc¬ 
curs  In  the  "slow”  compartment 
(approximately  420  min  time  constant);  and 
3)  nitrogen  contributes  about  twice  as  much 
as  helium  to  the  risk  of  DCS  for  He02 
dives. 


1992 

Chappie,  J.  C.  B.,  &  Eaton,  D.  J.  (1992). 
Development  of  the  Canadian  Underwater 
Mine  Apparatus  and  the  CUMA  Mine 
Countermeasures  Dive  System.  (DCIEM  92- 
06).  Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  Canadian  Underwater 

Miae  Apparatus  (CUMA:  commercial  name 
SIVA+)  is  a  semi-closed  circuit  constant 
partial  pressure  oxygen/helium  rebreather 
diving  set  and  provides  a  major  new  Mine 
Countermeasures  (MCM)  diving  capability. 
CUMA  was  developed  by  the  Experimental 
Diving  Unit  at  the  Defence  and  Civil 
Institute  of  Environmental  Medicine  in  con- 
jimction  with  Fullerton  Sherwood 
Engineering  Limited  in  response  to  a 
Department  of  National  Defence  require¬ 
ment. 

The  report  describes  the  develop¬ 
ment  of  the  CUMA  and  the  associated  de¬ 
velopment,  by  DCIEM  (EDU),  of  the  CUMA 
MCM  Dive  System.  The  period  is  from 
September  1985  to  January  1992.  Intended 
as  a  historical  reference  document,  the  re¬ 
port  is  divided  into  4  sections  which  cover: 

1.  Technical  description  of  the 
CUMA. 

2.  In  chronological  order,  the  various 
experiments  and  evaluations  carried  out  to 
develop  the  breathing  apparatus. 

3  .  Development  of  the  associated 

MCM  dive  system  components  as  weU  as 
the  decompression  considerations. 
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4.  Future  developments,  including  a 
lightweight  surface-supplied  version  and 
overseas  sales. 

In  summary,  the  project  to  extend 
the  capability  of  the  CCDA  has  been  a  suc¬ 
cess  and  is  a  prime  example  of  a  military 
equipment  development  and  procurement 
project  completed  on  time  and  within  bud¬ 
get  forecasts.  In-large  part  this  has  been 
accomplished  through  the  close  coopera¬ 
tion  maintained  between  the  research  and 
development  establishment  (DCIEM 
(EDU)),  the  NDHQ  office  of  primary  in¬ 
terest  (DMEE)  and  the  civilian  contractor 
(FSEL). 

Numerous  unmanned  and  manned 
trials  were  completed  and  the  data  used  to 
further  develop,  modify  and  refine  the 
eventual  CUMA  design.  Modifications  re¬ 
quired  during  the  project  were  incorporated 
without  major  problems.  The  result  is  an 
apparatus  that  is  in  service  with  the  CF 
and  a  range  of  MCM  diving  accessories  and 
procedures  that  together  comprise  the 
CUMA  MCM  Dive  System.  Work  continues 
at  DCIEM  to  develop  a  new  CUMA  He02 
decompression  table  under  the  ABCA-10 
agreement. 

The  philosophy  adopted  at  the 
outset  of  the  project  was  to  design  a  physio¬ 
logically  suitable  breathing  loop  and  to 
combine  this  with  a  gas  supply  system  ap¬ 
propriate  to  the  diving  application. 
Thereby  divers  would  remain  familiar 
with  the  common  equipment  interface  in  a 
variety  of  apparatus  configurations.  This 
approach  has  been  proved  valid  and  the 
development  work  on  CCDA/SIVA  55  and 
CUMA/SIVA+  has  opened  up  possibilities 
for  further  modifications  and  derivatives. 
This  includes  the  lightweight  surface-sup¬ 
plied  (LWSS)  version  with  an  increased 
depth  and  gas  endurance  rating. 

In  operational  terms,  the 
CUMA/SIVA+  represents  a  quantum  leap 
in  manned  seabed  intervention  capability. 
Self-contained  MCM  diving  can  now  be  con¬ 
ducted  at  depths  up  to  81  msw  (270  fsw) 
where,  in  the  past,  54  msw  (180  fsw)  was 
the  technical  and  physiological  limit.  The 


CUMA  meets  the  modem  requirements  of 
MCM  diving  and  provides  each  user  with  a 
reliable,  safe  and  diver-friendly  set. 


Dejong,  J.,  &  Cox,  G.  (1992).  Current 
thermal  protection  for  the  Canadian  Forces 
diver.  In  R.  Y.  Nishi  (Ed.),  Proceedings  of 
the  DCIEM  Diver  Thermal  Protection 
Workshop,  31  Jan  -  2  Feb  1989,  DCIEM  No. 
92-10,  (pp.  3-5).  North  York,  Ontario: 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  A  diver  in  the  Canadian 

Forces  (CF)  requires  specialized  protection 
to  handle  Canada's  rugged  environmental 
conditions.  These  conditions  vary  between 
the  east  and  west  coast.  The  east  coast  ex¬ 
periences  colder  water  conditions  through 
out  the  year  with  only  a  slight  warming 
trend  in  late  summer,  early  fall.  The  cold¬ 
est  time  on  the  west  coast  is  in  late 
December  and  January.  The  water  and  sur¬ 
face  temperatures  in  the  west  seldom  get  as 
low  as  the  east  coast  and  so  there  are  defi¬ 
nite  differences  in  the  type  of  diving  suit 
and  thermal  protection  preferred.  In  the 
CF  we  rely  on  both  passive  and  active  suit 
heating.  The  wet  and  dry  suits  rely  on  the 
body  to  heat  up  the  layer  of  water  or  air 
that  is  between  diver  and  the  suit.  In  the 
hot  water  suits,  hot  water  is  pumped  down 
to  the  divers  to  heat  the  area  between  the 
diver  and  the  suit. 


McDougall,  S.  (1992).  Thermal  problems 
encoxmtered  with  75  msw  diving.  In  R.  Y. 
Nishi  (Ed.),  Proceedings  of  the  DCIEM 
Diver  Thermal  Protection  Workshop,  31  Jan 
-  2  Feb  1989.,  DCIEM  No.  92-10,  (pp.  7-10). 
North  York,  Ontario:  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  75  metre  Oxyhehum  Diving 

is  carried  out  by  Units  of  the  Royal  Navy 
Fleet  Diving  Group.  The  75  m  diving  system 
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is  intended  for  maximum  flexibility,  in¬ 
cluding  deployment  from  small  craft  down 
to  rubber-boat  size.  Some  of  the  tasks  as¬ 
signed  to  this  system  require  moderately 
long  bottom  times,  and  thermal  stress  is  im¬ 
posed  on  divers  in  the  cold  waters  surround¬ 
ing  the  UK.  Thermal  protection  is  passive 
in  nature  only,  due  to  the  flexibility  re¬ 
quired  of  the  system.  A  review  of  passive 
thermal  protection  equipment  currently  in 
use  with  the  RN  75  m  diving  system  is  pre¬ 
sented,  along  with  a  discussion  of  tasks,  in¬ 
water  exposure  times  and  water/ weather 
conditions  normally  encountered  in  UK  wa¬ 
ters.  An  illustration  of  space  constraints  is 
also  presented,  to  show  the  limitations  im¬ 
posed.  Some  projections  of  future  direction 
in  this  area  are  also  discussed. 


Nishi,  R.  Y.  (Ed.).  (1992).  Proceedings  of 
the  DCIEM  Diver  Thermal  Protection 
Workshop,  31  Jan  -  2  Feb  1989.  (DCIEM  No. 
92-10).  North  York,  Ontario:  Defence  and 
Civil  Institute  of  Environmental  Medicine. 

Abstract  The  military  diver  per¬ 

forms  a  wide  range  of  operational  duties  en¬ 
compassing  ship  repair,  search  and  sal¬ 
vage,  mine  countermeasures  and  other  spe¬ 
cial  operations.  Diving  can  take  place  in 
diverse  range  of  water  temperatures, 
depths  and  durations.  The  diver  is  now  ex¬ 
posed  to  deeper,  and/or  longer  profiles  un¬ 
der  new  scenarios  and,  as  a  result,  thermal 
limits  to  performance  have  once  again 
emerged  as  the  prime  limiting  factor. 
Research  is  being  carried  out  in  all  aspects 
of  thermal  protection.  Passive  thermal 
protection,  whether  wet  or  dry,  is  seeing 
the  introduction  of  new  materials  and  effec¬ 
tive  clothing  ensembles.  Active  thermal 
protection  is  traditionally  just  the  free  flow 
of  hot  water  into  a  diving  suit  but  is  now  be¬ 
ing  approached  by  new  and  novel  method¬ 
ologies.  It  was,  therefore,  as  a  result  of  the 
renewed  interest  in  diver  thermal  protec¬ 
tion  that  the  concept  of  this  workshop  was 
developed.  It  was  organized  under  the  aus¬ 


pices  of  the  ABCA-10  (America,  Britain, 
Canada  and  Australia)  Information 
Exchange  Program  on  Naval  Diving  and  its 
purpose  was  to  bring  together  representa¬ 
tives  from  an  the  components  concerned 
with  military  diving;  the  operators  who 
must  dive  in  the  various  conditions  and  will 
know  the  shortcomings  as  weU  as  the 
strengths  of  a  protective  ensemble;  the 
manufacturers,  who  through  their  own  re¬ 
search  as  well  as  feedback  from  the  user 
must  produce  the  protective  ensembles;  and 
the  researchers,  whether  basic  or  applied 
who  through  their  creativeness  develop 
the  concepts  and  physiological  basis  for 
thermal  protection. 


Nishi,  R.  Y.  (1992).  Design  of 
Decompression  Trials  -  DCIEM  experience. 
In  M.  A.  Lang  &  R.  D.  Vaim  (Eds.), 
Proceedings  of  the  American  Academy  of 
Underwater  Sciences  Repetitive  Diving 
Workshop,  (pp.  311-320).  Costa  Mesa,  CA: 
American  Academy  of  Underwater 
Sciences. 

Abstract  Although  statistical  sig¬ 

nificance  is  desirable  in  testing  the  safety 
of  decompression  models  or  tables,  it  is  im¬ 
possible  to  conduct  enough  dives  to  reach 
this  goal.  Decompression  model/ tables 
testing  is  governed  more  by  practical  con¬ 
siderations  such  as  the  number  of  dive  sub¬ 
jects  available,  the  time  available  for  test¬ 
ing,  the  facilities  available  or  required, 
and  most  importantly,  the  fimding  avail¬ 
able.  Within  these  constraints,  one  must  de¬ 
sign  the  model,  generate  the  decompression 
tables  from  this  model,  select  the  profiles 
to  be  tested,  and  conduct  the  tests.  The 
Defence  and  Civil  Institute  of 
Environmental  Medicine  has  been  involved 
in  an  active  program  of  table  testing  and 
dive  profile  validation  since  1979.  Projects 
have  included  the  evaluation  of  the  Kidd- 
Stubbs  dive  computer  model  (1979),  a  study 
of  no-decompression  dive  limits  (1980), 
adapting  a  dive  computer  model  for  oxygen 
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decompression  (1982),  development  and 
testing  of  the  DCIEM  air  tables  (1983- 
1986),  and  development  and  testing  of  new 
mixed  gas  (84/16  He02  tables)  (1986-1991). 


Nishi,  R.  Y.,  Lauckner,  G.  R.,  Hobson,  B.  A., 
&  Morson,  P.  D.  (1992).  DCIEM  Diving 
Manual:  Parti,  Air  Decompression 
Procedures  and  Tables.  (DCIEM  86~R-35). 
Richmond,  B.C.:  Universal  Dive 
Techtronics,  Inc. 

Abstract  The  DCIEM  Diving 

Manual,  Air  Decompression  Procedures  and 
Tables,  is  a  civilian  version  of  Chapter  3, 
Volume  3  of  the  Canadian  Forces  Diving 
Manual.  It  includes  the  complete  set  of  ta¬ 
bles  -  Standard  Air  Decompression,  Short 
Standard  Air  Decompression,  In-water 
Oxygen  Decompression,  Short  In-water 
Oxygen  Decompression,  Surface 
Decompression  with  Oxygen,  Repetitive 
Diving  Tables,  and  Depth  Corrections  for 
Diving  at  Altitude  -  in  both  feet  of  seawa¬ 
ter  (fsw)  and  metres  of  seawater  (msw).  The 
text  describing  the  procedures  is  largely 
identical  with  the  Canadian  Forces  version 
except  for  the  inclusion  of  depth  units  in 
both  fsw  and  msw,  and  a  section  on  multi¬ 
level  diving.  Also  included  (in  the  second 
edition)  are  two  appendices:  the  first  on  ni- 
trox  (nitrogen-oxygen)  diving  with  open  cir¬ 
cuit  breathing  apparatus;  and  the  second  on 
a  modified  in-water  oxygen  decompression 
table.  The  manual  is  published  and  dis¬ 
tributed  by  UNIVERSAL  DIVE 
TECHTRONICS,  INC.  (UDT),  #201  -  2691 
Viscount  Way,  Richmond,  British 
Columbia,  Canada  V6V  1M9  imder  license. 


Nishi,  R.  Y.,  Morson,  P.  D.,  &  Dams,  W.  A. 
(1992).  DCIEM  Diving  Manual:  Part  2  - 
Helium-Oxygen  Surface-Supplied 
Decompression  Procedures  and  Tables. 
(DCIEM  92-50).  Richmond,  B.C.:  Universal 
Dive  Techtronics,  Inc. 


Abstract  THE  DCIEM  Diving 

Manual,  Helium-Oxygen  Surface-Supplied 
Decompression  Procedures  and  Tables,  is  a 
civilian  version  of  the  Mixed  Gas  Section  of 
Chapter  3,  Volume  3  of  the  Canadian 
Forces  Diving  Manual.  It  includes  In-water 
Oxygen  Decompression,  Surface 
Decompression  with  Oxygen,  Emergency 
Procedure  Decompression  and  Abort  Tables  - 
in  both  feet  of  seawater  (fsw)  and  metres  of 
seawater  (msw).  The  tables  are  designed 
for  an  84%  He/16%  02  breathing  mixture. 
This  gives  a  normal  depth  exposure  limit  of 
300  fsw  (90  msw)  and  an  exceptional  expo¬ 
sure  limit  of  330  fsw  (100  msw).  A  higher 
percentage  oxygen  mixture  can  be  used  with 
these  tables;  however,  the  maximum  depth 
possible  will  be  reduced  by  oxygen  toxicity 
considerations.  A  feature  of  these  tables  is 
the  requirement  for  air  decompression  from 
the  first  stop  to  the  30  fsw  (9  msw)  in-water 
oxygen  stop.  The  procedures  parallel  as 
much  as  possible  those  developed  for  the 
DCIEM  air  diving  tables.  Repetitive  div¬ 
ing  tables  and  diving  at  altitude  are  not 
addressed  for  these  helium-oxygen  tables. 
This  manual  forms  Part  2  of  the  complete 
DCIEM  Diving  Manual.  Part  1  consists  of 
the  Air  Decompression  Procedures  and 
Tables  (DCIEM  No.  86-R-35,  March  1992). 
The  complete  manual  is  published  and  dis¬ 
tributed  by  UNIVERSAL  DIVE 
TECHTRONICS,  INC.  (UDT),  #201  -  2691 
Viscount  Way,  Richmond,  British 
Columbia,  Canada  V6V  1M9  imder  license. 


Romet,  T.  T.  (1992).  Comparison  of  heliox 
and  air  as  suit  inflation  gases.  In  R.  Y. 

Nishi  (Ed.),  Proceedings  of  the  DCIEM 
Diver  Thermal  Protection  Workshop,  31  Jan 
-  2  Feb  1989,  DCIEM  No.  92-10,  (pp.  45-50). 
North  York,  Ontario:  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  It  is  well  accepted  that  the 

primary  disadvantage  of  helium  based 
breathing  gas  also  acting  as  the  suit  infla- 
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tion  gas  is  its  higher  thermal  conductivity. 
Although  thermal  conductivity  of  helium 
is  six  times  that  of  nitrogen,  a  he¬ 
lium/oxygen  mixture  similar  to  air  is  only 
four  times  as  great.  It  has  been  further  sug¬ 
gested  that  for  each  deg.  C  that  the  ambi¬ 
ent  air  is  below  mean  skin  temperature,  the 
skin  will  be  0.1  deg.  C  lower  in  a  He02  gas 
than  air.  Chamber  studies  have  shown  ex¬ 
posure  to  a  helium  environment  results  in  a 
skin  cooling,  higher  ambient  temperatures 
to  maintain  comfort  but  no  effect  on  core 
temperature.  This  study  investigated  the 
differences  between  He02  and  air  as  a  suit 
inflation  gas  during  m-water  dives  ranging 
in  depth  from  36  to  86  msw.  In  the  double 
blind  study  neither  the  divers  or  investiga¬ 
tors  were  told  which  gas  was  provided  for 
suit  inflation.  Core  temperature  was  deter¬ 
mined  by  rectal  thermistor  and  skin  heat 
flow  by  heat  flux  transducers.  Results 
showed  resting  heat  flows  were  31%  higher 
with  He02  as  the  suit  inflation  gas  (137  vs 
102  W/m2)  while  the  peak  difference  was 
61%  (190  vs  118  W/m2)  at  10  min.  The  dif¬ 
ference  remained  approximately  50%  for 
the  majority  of  the  in- water  time.  There 
were  no  significant  differences  in  core  tem¬ 
peratures  but  skin  temperatures  were  signif¬ 
icantly  lower  (p<0.05)  at  all  depths  and 
time  points.  The  greatest  differences  ob¬ 
served  were  2.9  deg.  C  with  steady  state 
differences  near  the  end  of  immersions  of  1.5 
deg.  C.  Absolute  values  however  seldom 
dropped  below  28.5  deg.  C  except  when 
some  water  leaked  into  the  suit.  Most 
divers  perceived  themselves  as  cool  with 
the  helium  while  rating  themselves  as 
comfortable  or  cool  but  comfortable  with 
air.  The  results  suggest  that  while  thermal 
comfort  would  be  unproved  substituting  air 
for  He02  as  the  suit  inflation  gas,  physio¬ 
logically  there  were  no  significant  advan¬ 
tages  over  the  depth  and  time  profiles  in¬ 
vestigated. 


Romet,  T.  T.  (1992).  Thermal  insulation  in 
various  dry  and  flooded  drysuit/pile  un¬ 
dergarment  combinations.  In  R.  Y.  Nishi 
(Ed.),  Proceedings  of  the  DCIEM  Diver 
Thermal  Protection  Workshop,  31  Jan  -  2 
Feb  1989,  DCIEM  No.  92-10,  (pp.  75-80). 
North  York,  Ontario:  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  Passive  thermal  protection 

in  the  form  of  drysuit  and  imdergarment  is 
often  the  choice  during  diving  operations  in 
the  Canadian  Forces.  Recently,  a  program 
has  been  undertaken  to  evaluate  various 
suits  and  undergarments.  While  manikin  or 
other  laboratory  techniques  may  accurately 
define  insulative  characteristics  of  the  ma¬ 
terials  or  garments,  it  was  also  felt  that 
human  trials  would  provide  a  better  imder- 
standing  of  the  inter-relationship  between 
the  clothing  characteristics  and  the  diver. 
Seven  various  dry  suits  (5  neoprene  and  2 
non-compressible)  and  three  different  syn¬ 
thetic  pile  undergarments  were  evaluated. 
Seven  heat  flux  transducers,  placed  accord¬ 
ing  to  the  7-point  scale  of  Burton  were  used 
to  measure  heat  flux  from  the  body  from 
which  suit  insulations  were  calculated. 
Results  showed  that  7  mm  St.  Albins  neo¬ 
prene  compared  to  Rubatex  based  neoprene 
drysuits  provided  approximately  15-18% 
more  insulation  during  immersion  at  the 
surface,  but  with  the  effects  of  compression, 
the  differences  disappeared  with  the 
Rubatex  neoprene  providing  better  insula¬ 
tion  during  all  the  decompression  phases. 
Insulation  of  the  suits  following  complete 
flooding  showed  a  small  but  significant  re¬ 
lationship  where  suits  with  a  lower  initial 
insulation,  generally  because  of  tighter  fits, 
showing  the  least  decrement.  The  decrease 
averaged  58%  from  the  imflooded  condi¬ 
tion.  Prolonged  immersion  at  depth,  imder 
resting  conditions  with  the  various  dry- 
suit/ undergarment  combinations  provided 
between  1.1  and  1.5  Clo  of  protection. 
However,  for  the  inactive  diver,  thermal 
comfort  could  not  be  maintained  at  a  com¬ 
fortable  or  cool  but  comfortable  level  for  pe¬ 
riods  exceeding  90  min. 
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Tikuisis,  P.,  &  Nishi,  R.  Y.  (1992). 
Application  of  maximum  likelihood  analy¬ 
sis  to  repetitive  air  diving.  In  M.  A.  Lang  & 
R.  D.  Vann  (Eds.),  Proceedings  of  the 
American  Academy  of  Underwater  Sciences 
Repetitive  Diving  Workshop,  (pp.  263- 
268).  Costa  Mesa,  CA:  American  Academy 
of  Underwater  Sciences. 

Abstract  The  present  study  examines 

the  application  of  the  method  of  maximum 
likelihood  to  repetitive  air  dives.  The 
method  of  maximum  likelihood  optimizes 
the  parameters  of  a  probabilistic  model  for 
the  prediction  of  decompression  sickness 
(DCS).  The  optimization  procedure 
matches  as  closely  as  possible  the  pre¬ 
dicted  incidence  of  DCS  to  the  observed  in¬ 
cidence  from  dive  data.  The  model  selected 
for  the  present  study  is  based  on  the  super¬ 
saturation  of  nitrogen  in  two  parallel  com¬ 
partments  having  different  time  constants 
and  risk  factors  which  are  the  parameters 
of  the  model.  The  data  involves  1299  trials 
(3811  man-dives)  including  dives  on  air  and 
nitrox,  and  some  with  100%  oxygen  during 
portions  of  the  decompression.  Of  these 
trials,  21  were  repetitive  air  dives  of  vary¬ 
ing  depths  and  bottom  times.  The  mean  in¬ 
cidence  of  DCS  for  the  whole  data  set  was 
2.52%.  After  the  model  parameters  were 
optimized  (time  constants  of  12.3  and  180 
min,  and  risk  factors  weighted  approxi¬ 
mately  in  the  ratio  of  1:2),  the  model  was 
then  applied  to  the  repetitive  dives  for  a 
predictive  analysis.  The  results  of  this 
analysis  are  presented  in  detail  and  a  com¬ 
parison  is  made  with  the  predictions  ob¬ 
tained  when  the  bottom  time  of  the  second 
dive  is  shortened  in  accordance  with  the 
DCIEM  Sport  Diving  Tables.  The  predicted 
probability  of  DCS  decreased,  but  insignifi¬ 
cantly;  values  ranged  from  1.2  to  3.8%  for 
the  original  dives  and  from  1.1  to  3.2%  for 
the  sport  dives. 


Tikuisis,  P.,  &  Ward,  C.  A.  (1992).  Rate  of 
gas  absorption  by  liquids  and  ’^surface 
resistance”.  In  D.  Dekee  &  R.  P.  Chhabra 
(Eds.),  Transport  Processes  in  Bubbles, 

Drops  and  Particles,  (pp.  114-132).  New 
York:  Hemisphere. 

Abstract  The  common  procedure  used 

to  determine  the  diffusion  coefficient  (D)  of 
a  gas  in  a  liquid  is  to  expose  the  liquid  to 
the  gas  for  a  period  of  time,  measure  the 
amoimt  of  gas  absorbed  and  then  determine 
D  from  a  fitting  procedure.  It  is  normally 
assumed  that  upon  exposure,  the  interphase 
is  instantaneously  equilibrated  with  the 
gas  phase,  but  this  assumption  has  led  to 
inconsistencies  in  the  values  of  D  that  are 
inferred  from  different  experimental  tech¬ 
niques.  In  the  case  of  oxygen  dissolving  in 
water,  this  procedure  has  led  to  very  small 
values  of  D  being  inferred  when  the  expo¬ 
sure  time  is  brief,  as  compared  to  the  values 
of  D  obtained  when  the  experimental  tech¬ 
nique  involves  longer  exposure  times.  By 
contrast,  when  carbon  dioxide  is  dissolving 
in  water,  experimental  techniques  that  in¬ 
volve  different  periods  of  exposure 
nonetheless  lead  to  consistent  values  of  the 
diffusion  coefficient.  The  discrepancy  in 
the  value  of  D  has  been  suggested  to  be 
caused  by  "surface  resistance".  If 
Statistical  Rate  Theory  is  adopted  to  pre¬ 
dict  the  rate  of  gas  absorption  at  the  liq¬ 
uid-gas  interface,  the  equilibrium  assump¬ 
tion  can  be  replaced  by  an  expression  for  the 
rate  of  gas  absorption.  This  rate  expression 
only  involves  parameters  that  may  be 
evaluated  by  independent  experimental 
techniques  and  when  it  is  applied  to  exam¬ 
ine  the  experimental  data  for  both  of  these 
gases,  it  is  found  that  a  consistent  value  of 
the  diffusion  coefficient  is  obtained  for 
each  of  the  gases.  The  results  suggest  that 
Statistical  Rate  Theory  gives  an  explana¬ 
tion  for  the  phenomena  that  has  been  asso¬ 
ciated  with  "surface  resistance". 
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Weathersby,  P.  K.,  Survanshi,  S.  S.,  Nishi, 
R.  Y.,  &  Thalmann,  E.  D.  (1992). 
Statistically  based  decompression  tables  - 
VII:  Selection  and  treatment  of  primary  air 
and  N2O2  data.  (NSMRL  Report  No.  1182 
NMRI  No.  92-85  .).  Naval  Submarine 
Medical  Research  Laboratory,  Groton,  CT 
Naval  Medical  Research  Institute, 
Bethesda,  MD. 

Abstract  Probabilistic  models  of  de¬ 

compression  sickness  (DCS)  require  high 
quality  data  of  diving  profiles  and  DCS  oc¬ 
currence  to  get  reliable  predictions  of  the 
probability  of  DCS,  P(DCS).  Over  400  ex¬ 
perimental  dives  performed  since  1977  in 
the  U.S.,  U.K.,  and  Canada  were  collected, 
verified,  and  formatted  for  use  in  proba¬ 
bilistic  models.  In  most  cases  the  dive  pro¬ 
file  precision  is  within  1  fsw  in  depth,  30 
sec  in  time,  and  0.1  ATA  in  P02.  DCS  out¬ 
come  and  other  medical  records  are  of  the 
high  quality  expected  for  test  dives  done  in 
military  laboratories.  This  report  describes 
the  data  sources,  steps  used  in  the  review 
and  formatting  process,  and  summaries  of 
the  data  collection. 


1993 

Cox,  J.  P.,  &  Eaton,  D.  J.  (1993).  Selection  of 
a  Gas  and  Flow  Rate  for  the  Bailout 
Assembly  used  in  the  Canadian  Clearance 
Diving  Apparatus.  (DCIEM  93-37). 

Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  Canadian  Clearance 

Diving  Breathing  Apparatus  (CCD A)  is  a 
closed/ semi  closed  circuit  oxygen/ nitrogen 
minecountermeasures  re-breather  diving 
set.  Since  1991  a  Bailout  assembly  has  been 
available  to  the  CCDA  and  by  the  spring  of 
1993  all  CCDA’s  held  by  both  Fleet  Diving 
Units  had  been  modified  to  accept  the 
bailout  assembly. 

The  objective  of  this  investigation  was  to 
select  which  of  the  four  standard  oxy¬ 


gen/nitrogen  breathing  gasses  used  in 
NATO  could  be  used  with  the  Bailout 
without  modifications  or  additional  capi¬ 
tal  expense. 

To  analyze  the  data  a  computer  spread¬ 
sheet  was  constructed  so  that  gas  flow 
rates,  oxygen  consumption,  ascent  rates, 
depth  changes  and  other  variables  could  be 
added  or  changed  throughout  a  simulated 
dive  scenario. 

After  looking  at  the  four  available  NATO 
diving  gasses,  the  simulation  showed  that 
only  one  of  the  four  gasses,  a  mixture  of  60% 
oxygen  and  40%  nitrogen,  would  be  suitable 
for  use  as  a  Bailout  gas  for  the  CCDA  over 
the  full  depth  range  of  0  to  54  metres.  The 
gas  flow  rate  selected  was  10.5  standard 
litres  per  minute. 


Eaton,  D.  J.,  &  McDougall,  S.  A.  (1993). 
Semi-Annual  Project  Review  of  the 
Experimental  Diving  Unit.  (DCIEM  93-56). 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  Experimental  Diving 

Unit  (EDU)  produced  this  review  for  the 
Diving  Task  Review  Meeting  held  at  the 
Defence  and  Civil  Institute  of 
Environmental  Medicine  (DCIEM)from  25 
to  28  October  1993.  Fifteen  projects  are  in¬ 
cluded.  Nine  of  these  are  tasks  from 
National  Defence  Headquarters.  The  re¬ 
mainder  of  the  projects  come  tmder  DCIEM's 
Diving  Sys terns /R&D  Project,  51  CD.  The 
report  covers  work  done  from  May  to 
October  1993,  inclusive.  Previous  work  on 
these  projects  was  reported  in  DCIEM  re¬ 
port  No.  93-40. 

Although  only  two  more  projects  were 
added  to  the  index,  the  number  of  sub-pro¬ 
jects  increased  substantially.  Development 
and  investigation  of  an  integrated  mine- 
countermeasures  (MCM)  diving  system  are 
continuing.  The  work  involves  weight  har¬ 
ness  design,  surface  supplied  diving  devel¬ 
opment,  face  mask  development,  research 
and  development  of  real-time  gas  analy- 
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sers,  investigations  of  communications 
equipment,  market  searches  for  diver  re¬ 
covery  winches,  and  research  and  develop¬ 
ment  as  well  as  quality  control  of  dry  suit 
ensembles.  In  the  CUMA/CCDA  in-service 
engineering  project  most  of  the  sub-projects 
are  nearing  completion.  Decompression 
table  development  for  CUMA  continued 
during  the  review  period  with  another 
multi-national  dive  series.  Data  from  those 
dives  also  helped  advance  the  develop¬ 
ment  of  a  decompression  model  based  on 
probability  theory. 

Other  areas  of  study  led  to  the  replacement 
of  the  in-service  Canadian  Forces  SCUBA 
regulator  with  a  more  cold-resistant  regu¬ 
lator  that  will  help  reduce  the  malfunction 
known  as  freeze-up.  This  was  an  interim 
measure  to  help  alleviate  the  freeze-up 
problem  before  the  completion  of  the  de¬ 
velopment  of  a  freeze-up  resistant  regula¬ 
tor,  EDU's  highest  priority  project. 
Development  of  the  regulator  continues 
with  the  prime  contractor,  Fullerton, 
Sherwood  Engineering  Limited,  producing 
prototypes  that  are  being  tested  by  EDU. 
Test  results  to  date  have  been  favourable. 
EDU's  plans  for  simulation  and  modelling 
of  regulator  heat  and  gas  dynamics  were 
delayed  because  of  lack  of  fimding. 

Heating  divers,  especially  their  hands, 
was  successfully  achieved  through  the  use 
of  electrically  heated  diving  gloves.  The 
use  of  electrical  heat  is  being  considered  for 
whole  body  heating  as  well.  A  spin-off  of 
the  diver  heating  problem  was  the  initia¬ 
tion  of  a  new  project  to  develop  a  multi-en¬ 
vironment  personal  heater  based  on  cat¬ 
alytic  combustion  of  fossil  fuels  like  butane 
or  alcohol.  This  work  is  being  done  under 
contract  by  Exotemp  Systems  Ltd  of 
Stittsville,  Ont. 

Progress  has  also  been  made  on  the  stan¬ 
dardization  of  surface  supplied  communica¬ 
tions  systems  and  on  improving  the  infor¬ 
mation  and  equipment  available  for  diving 
in  contaminated  waters.  Additionally,  in¬ 
vestigations  into  the  feasibility  of  using 
neoprene  dosed  with  metals  to  improve  in¬ 


sulation  and  diver  comfort  show  promising 
results. 

Carbon  dioxide  absorbent  and  carbon  diox¬ 
ide  absorbing  systems  are  still  of  interest  as 
the  quality  assurance  standard  for  soda 
lime  project  has  now  become  involved  with 
a  NATO  project  for  carbon  dioxide  ab¬ 
sorbent  quality  standardization.  The  sub¬ 
mersible  emergency  life  support  project  con¬ 
tinues  to  examine  the  feasibility  of  using 
lithium  hydroxide  in  the  CF's  two  atmo¬ 
spheric  diving  submersibles,  SDL-1  and 
Pisces  IV. 

The  newest  project  is  an  examination  of 
training  and  acclimatization  effects  on 
divers.  Finally,  safe  diving  limits  aroimd 
transmitting  sonars  have  been  established 
and  a  report  completed. 

In  summary,  EDU  has  a  high  project  load 
and  the  resources  are  often  spread  very 
thinly.  Nevertheless,  staff  kept  projects  on 
track  and  achieved  measurable  goals. 


Eaton,  D.  J.,  &  McDougaU,  S.  A.  (1993). 
Semi-annual  Project  Review  of  the 
Experimental  Diving  Unit  Nov  1992  to  Apr 
1993.  (DCIEM  93-40).  Defence  and  Civil 
Institute  of  Environmental  Medicine. 

Abstract  The  Experimental  Diving 

Unit  (EDU)  in  the  Human  Protective 
Systems  Division  (HPSD)  (formally  the 
Biosciences  Division  )  of  the  Defence  and 
Civil  Institute  of  Environmental  Medicine 
(DCIEM)  produces  semi-annual  reviews: 
one  each  autumn  for  submission  to  the 
Diving  Task  Review  Committee  and  a  sec¬ 
ond  each  spring  for  submission  to  the 
Maritime  Command  Diving  Working 
Group.  Additionally,  a  third  review  is 
submitted  to  the  HPSD  Annual  Review. 
Generating  these  documents  requires  sub¬ 
stantial  time  and  effort.  However,  the  ef¬ 
fort  produces  essential  working  documents 
needed  during  the  Task  Review  and 
Working  Group  meetings. 

To  meet  the  needs  of  these  meetings  but  re¬ 
duce  the  time  and  effort  expended  to  pro- 
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duce  the  documents  EDU  attempted  to 
streamline  the  process  over  the  years.  A 
number  of  factors  helped  the  cause.  The 
semi-annual  reviews  and  the  HPSD  Annual 
Review  follow  a  similar  format.  The  re¬ 
views  normally  cover  the  same  projects  and 
much  of  the  information  regarding  project 
details  remains  the  same  from  one  review 
period  to  another.  Consequently,  all  the 
project  reviews  can  follow  a  standard  for¬ 
mat. 

In  previous  reviews,  each  individual  pro¬ 
ject  review  was  updated  by  the  project  per¬ 
sonnel  and  these  updates  were  collected  and 
given  to  the  HPSD  secretary  for  typing  and 
formatting.  The  final  reviews  were  at¬ 
tached  to  the  minutes  of  the  respective 
meetings  as  separate  annexes.  This  process 
led  to  document  control  problems  that  made 
it  difficult  to  establish  the  status  of  the  re¬ 
views.  EDU  now  produces  the  document  in¬ 
ternally. 

The  Head  of  EDU's  Diving  Research  and 
Development  Group  (H/DRDG)  produced 
this  document  using  Frame  Technology 
Corporation's  Framemaker  publishing 
software.  Project  personnel  submit  project 
updates  to  H/DRDG  via  electronic  mail 
and  the  changes  are  made  to  the  master 
files.  The  Framemaker  book  making  utility 
automatically  updates  the  complete  re¬ 
view  and  the  table  of  contents  as  required. 
Each  individual  project  review  consists  of  a 
project  title;  tombstone  information  listing 
the  main  project  personnel,  the  start  and  es¬ 
timated  finish  dates,  the  project  coding, 
and  the  effective  date  of  the  review;  the 
project  details  including  the  background, 
defence  relevance,  and  description;  the 
progress  up  to  the  effective  date  including 
the  reports,  publications  and  presentations 
made;  and  the  projections  for  the  next  re¬ 
view  period.  This  format  is  very  similar  to 
that  used  in  the  HPSD  Annual  Review; 
therefore,  with  only  a  few  minor  changes  to 
the  master  files  EDU  can  satisfy  the  re¬ 
quirements  of  this  third  review.  The  pro¬ 
duction  of  the  EDU  reviews  as  a  single  doc¬ 
ument  has  reduced  the  effort  required  from 
many  person  days  to  2-3  person  days  and 


has  made  the  tracking  of  the  document 
much  simpler. 

EDU  produced  this  review  for  submission  to 
the  Maritime  Command  Diving  Working 
Group  held  26-30  Apr  1993  at  National 
Defence  Headquarters  in  Ottawa,  Ontario. 
Fourteen  projects  are  included.  Four  of  these 
are  IB  projects  funded  as  taskings  from 
NDHQ  while  the  remainder  come  imder 
DCIEM's  2B  project,  51CD.  The  progress 
covers  work  done  since  the  last  Diving  Task 
Review,  2-5  Nov  1992. 


Nishi,  R.  Y.  (1993).  ”Tiny  Bubbles":  A 
primer  on  Doppler  ultrasonic  bubble  detec¬ 
tion.  aquaCorps  Journal,  5(1),  24-31. 

Abstract  A  considerable  amount  of 

interest  in  recent  years  has  arisen  in 
Doppler  ultrasonic  bubble  detection  and  its 
application  to  decompression  research  and 
diving  operations.  As  a  result,  there  are 
some  misunderstandings  about  the  role  of 
bubbles  that  can  be  detected  by  the  Doppler 
instruments  and  the  relationship  between 
Doppler-detected  bubbles  and  decompres¬ 
sion  sickness  (DCS).  The  Doppler  ultrasonic 
bubble  detector  is  the  simplest,  most  conve¬ 
nient  and  most  practical  method  for  observ¬ 
ing  bubbles  in  humans  but  it  can  only  detect 
intravascular  bubbles,  i.e.,  bubbles  moving 
through  the  circulatory  system,  and  re¬ 
quires  skilled  personnel  to  use  and  interpret 
the  bubble  signals.  An  analysis  of  over  3200 
man-dives  shows  that  the  risk  of  DCS  is 
low  when  no  bubbles  or  only  a  few  are  de¬ 
tected.  However,  for  high  bubble  levels, 
there  is  a  much  higher  risk  of  DCS.  In  the 
data  set  studied,  90%  of  the  cases  of  DCS 
were  associated  with  Grades  3  or  4  bubbles. 
It  should  be  emphasized  that  intravascular 
bubbles  are  not  believed  to  be  the  direct 
cause  of  the  signs  and  symptoms  in  aU  cases 
of  DCS.  They  are,  however,  an  indicator  of 
a  high  inert  gas  load  in  the  body  and,  as  a 
result,  their  presence  reflects  the  risk  of 
DCS.  Dives  which  produce  high  levels  of 
bubbles  can  be  considered  to  have  high  "de- 
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compression  stress".  The  primary  use  of 
Doppler  is  as  a  research  tool  for  post-dive 
assessment  of  dive  profiles.  It  cannot  be 
used  as  a  personal  decompression  monitor  to 
control  the  rate  of  ascent  for  most  dives. 
Unless  users  are  highly  proficient  in  detect¬ 
ing  and  grading  bubbles,  there  is  a  large 
danger  of  misuse  of  the  instrument  and  mis¬ 
interpretation  of  the  results. 


Nishi,  R.  Y.  (1993).  Doppler  and  Ultrasonic 
Bubble  Detection.  In  P.  B.  Bennett  &  D.  H. 
Elliott  (Eds.),  The  Physiology  and 
Medicine  of  Diving,  Fourth  Edition,  (pp. 
433-453).  London:  W.B.  Saimders  Company. 

Abstract  Although  there  may  be 

many  mechanisms  associated  with  decom¬ 
pression  sickness,  the  most  probable  initiat¬ 
ing  factor  is  still  believed  to  be  the  forma¬ 
tion  of  bubbles.  Since  bubbles  interact 
strongly  with  sound  waves,  considerable  re¬ 
search  has  been  done  into  the  detection  of 
bubbles  in  humans  and  animals  by  ultra¬ 
sonic  methods.  The  ultrasonic  scanning 
method  enables  the  detection  of  gas  bubbles 
in  tissue  and  the  Doppler  method  the  de¬ 
tection  of  moving  bubbles  in  the  circulatory 
system.  This  review  article  deals  primar¬ 
ily  with  the  Doppler  method,  its  uses,  bub¬ 
ble  classification  schemes,  automatic  bub¬ 
ble  detection  systems,  and  applications  for 
decompression  and  other  diving  related 
studies.  There  is  a  good  correspondence  be¬ 
tween  decompression  sickness  and  Doppler- 
detected  bubbles  and,  as  a  result,  bubbles 
can  be  used  as  indicators  of  decompression 
stress. 


Tikuisis,  P.,  &  Nishi,  R.  Y.  (1993). 
Application  of  bubble  models  to  the  predic¬ 
tion  of  decompression  sickness  using  maxi¬ 
mum  likelihood.  In  R.  E.  Reinersten,  A.  O. 
Brubakk,  &  G.  Bolstad  (Ed.),  19th  Annual 
Meeting  of  European  Undersea  Biomedical 
Society,  (pp.  283-286).  Trondheim, 

Norway:  SINTEF  UNIMED. 

Abstract  Recent  studies  on  the  appli¬ 

cation  of  the  method  of  maximum  likeli¬ 
hood  for  predicting  the  risk  of  decompres¬ 
sion  sickness  (DCS)  suggest  that  gas  wash¬ 
ing  is  exponential  and  gas  without  is  linear 
(Parker  et  al.,  1992).  These  characteristics 
can  be  approximated  by  the  formation  and 
subsequent  growth  of  a  bubble  upon  decom¬ 
pression.  This  study  reports  on  the  devel¬ 
opment  of  such  a  bubble  model  and  its  ap¬ 
plication  to  a  series  of  2023  man-dives 
(Parker  et  al,  1992)  involving  single  and 
repetitive  dives  on  air  and  mixtures  of  ni¬ 
trogen  and  oxygen.  Depths  ranged  from  1.75 
to  7.09  bars  and  bottom  times  ranged  from 
2.8  to  300.2  min.  The  overall  DCS  incidence 
was  4.93%  and  time  of  occurrence  informa¬ 
tion  was  used  (survival  analysis).  The  for¬ 
mation  of  the  bubble  was  based  on  the  con¬ 
cept  of  the  critical  radius  (Ward  et  al., 
1982)  and  the  bubble's  rate  of  evolution  was 
based  on  a  linear  gas  exchange  between  the 
compartment  and  the  bubble  (Tikuisis, 

1981).  Fixed  parameters  included  the  solu¬ 
bility  of  nitrogen  and  the  bubble  surface 
tension  which  were  chosen  to  represent  a 
blood  plasma  solution.  Risk  of  DCS  was 
based  on  the  integration  of  the  bubble  size 
over  time.  The  best  fit  using  a  single  com¬ 
partment  of  volume  lO""^  cm^  was  obtained 
with  a  risk  criterion  based  on  bubble  radius 
and  a  time  constant  (for  nitrogen  gas  ex¬ 
change  between  the  compartment  and  the 
ambient  condition)  of  91.1  min  with  a  SE  of 
2.6  min. 
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Eaton,  D.  J.,  &  McDougall,  S.  A.  (1994). 
Semi-Annual  Project  Review  of  the 
Experimental  Diving  Unit,  (DCIEM  94-30). 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  The  Experimental  Diving 

Unit  (EDU)  produced  this  review  for  the 
Diving  Task  Review  Meeting  held  at  the 
Defence  and  Civil  Institute  of 
Environmental  Medicine  (DCIEM)  from  9  to 
12  May  1994.  Twelve  projects  are  included. 
Seven  of  these  are  tasks  from  National 
Defence  Headquarters  (NDHQ).  The  re¬ 
mainder  of  the  projects  come  under  DCIEM's 
Diving  Systems/R&D  Project,  51CD.  The 
report  covers  work  done  from  November 
1993  to  April  1994,  inclusive.  Previous  work 
on  these  projects  was  reported  in  DCIEM  re¬ 
port  No.  93-56. 

Two  projects  in  EDU,  development  of  a 
freeze-proof  regulator  and  decompression 
tables  for  the  Canadian  Underwater  Mine- 
countermeasures  Apparatus  (CUMA),  con¬ 
tinue  to  occupy  the  majority  of  the  imit's 
time.  Regulator  development  involved  it¬ 
erative  testing  and  modification  of  two  pro¬ 
totypes  while  two,  four-week  dive  series . 
were  completed  to  add  173  more  human  ex¬ 
posures  to  the  data  base  required  to  vali¬ 
date  the  CUMA  decompression  model  and 
tables. 

The  development  of  an  integrated  system  of 
equipment  for  mine-countermeasures  diving 
integrated  well  with  the  CUMA  decom¬ 
pression  table  validation.  During  each  dive 
series  components,  such  as  new  weight  har¬ 
ness  prototypes  or  dry  suit  samples,  were  in¬ 
cluded  in  the  dives  so  that  development 
could  continue  in  parallel  with  the  table 
validation.  Another  project  which  dove¬ 
tailed  well  with  the  CUMA  decompression 
work  was  the  development  of  the  hand 
heating  system  imder  the  Clearance  Diver's 
Supplementary  Heater  project.  Prototypes 


were  evaluated  during  the  CUMA  decom¬ 
pression  dives.  This  project  has  expanded  to 
include  whole  body  heating  and  electric 
suits  for  this  purpose  were  obtained  to  com¬ 
pare  their  performance  against  the  stan¬ 
dard  hot  water  suit. 

In  other  NDHQ  sponsored  tasks,  the  exam¬ 
ination  of  lithium  hydroxide  as  a  carbon 
dioxide  absorbent  in  the  Submersible  Diver 
Lockout  (SDL)  led  to  a  recommendation  to 
discontinue  its  use  in  favour  of  traditional 
soda  lime.  A  field  trial  of  various  dry  suits 
provided  the  necessary  data  to  formulate  a 
suit  specification  for  use  in  self-contained 
diving  in  low  level  contaminated  water. 

The  study  of  the  effect  of  the  complement 
enzyme  system  on  decompression  sickness 
began  with  initial  literature  review  and 
the  training  of  a  technologist  to  perform 
blood  assay  work. 

Projects  coming  imder  EKZIEM  51CD  tested 
the  hypothesis  that  exercise  during  the  de¬ 
compression  phase  of  a  dive  can  reduce  de¬ 
compression  stress  through  a  series  of  129 
human  exposures.  Work  and  meetings  of  the 
researchers  developing  a  common  model  for 
decompression  with  helium/oxygen  breath¬ 
ing  mixtures  progressed  the  establishment 
of  a  master  data  base  to  use  for  model  de¬ 
velopment  and  validation.  EDU  staff  built 
and  field-tested  prototypes  of  equipment 
needed  to  standardize  surface-supplied 
diving  communications  systems.  Quality  as¬ 
surance  of  soda  lime  for  diving  apparatus 
continued  to  involve  international  attention 
as  a  Study  report  was  tabled  at  the  NATO 
Underwater  Diving  Working  Party  Study. 
The  investigation  of  thermometal  neoprene 
concluded  with  a  DCIEM  report  and  final 
contact  with  the  manufacturer  to  identify 
the  varieties  of  materials  available. 

In  the  coming  six  months,  work  will  con¬ 
clude  on  the  SDL  carbon  dioxide  absorbent, 
self-contained,  contaminated  water  diving 
ensemble  and  surface-supplied  diving  com- 
mimications  standardization.  This  will  in¬ 
crease  resources  available  for  other  projects 
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such  as  the  mine'Couatermeasures  diving 
system  development  and  clearance  diver's 
supplementary  heating.  Another  new  pro¬ 
ject  involving  the  investigation  of  closed- 
circuit  rebreather  diving  apparatus  is  also 
expected  to  commence  during  the  next  re¬ 
view  period. 


Tikuisis,  P.,  Gault,  K.  A.,  &  Nishi,  R.  Y. 
(1994).  Prediction  of  decompression  illness 
using  bubble  models.  Undersea  Biomed, 

Res,,  22,  129-143. 

Abstract  The  method  of  maximum 

likelihood  was  applied  to  models  of  bubble 
formation  and  evolution  against  data  in¬ 
volving  decompression  illness  (DCI). 
Equilibrium  and  non-equilibrium  gas  kinetic 
models  were  tested  under  the  constraint  of  a 
finite  tissue  volume.  The  equilibrium  model 
(leq),  where  the  internal  gas  of  a  bubble  is 
in  partial  pressure  and  mechanical  equilib¬ 
rium  with  the  gas  dissolved  in  tissue,  as¬ 
sumed  formation  of  a  bubble  upon  any  gas 
supersaturation.  The  non-equilibrium  model 
(neq),  where  mechanical  equilibrium  is 
maintained  but  the  exchange  of  gas  between 
the  bubble  and  tissue  is  governed  by  a  rate 
constant,  assumed  formation  of  a  bubble  at 
the  metastable  equilibrium  state  which  re¬ 
quires  a  specific  degree  of  gas  supersatura¬ 
tion.  In  addition,  another  version  of  bubble 
evolution  based  on  the  diffusivity  of  gas  in 
tissue  (vl)  was  tested  under  similar  finite 
volume  constraints.  Model  parameters  in¬ 
cluded  liquid  surface  tension,  the  gas  ex¬ 
change  rate  constant,  gas  solubility,  and 
the  tissue  time  constant.  The  risk  of  DCI 
was  based  on  the  bubble  radius  (R)  raised  to 
powers  ranging  from  0  to  6.  The  data  in¬ 
cluded  2,023  man-dives  in  630  different 
dive  profiles  of  air  and  nitrox  gas  mixtures 
with  depth  ranging  from  1.75  to  7.09  bar 
and  bottom  time  ranging  from  2.8  to  300.2 
min.  There  were  97  occurrences  of  DCI  and 
27  occurrences  of  marginal  symptoms. 
Predictions  of  the  neq  and  vl  models  were 
quite  similar  and  suggested  that  the  tissue 


primarily  responsible  for  bubble  formation 
leading  to  DCI  in  the  present  analysis  has 
a  perfusion  rate  of  about  4.0  ml  blood  •  100 
mP^  *  min  .  The  best  fit  of  the  data  for  a 
single  compartment  of  lO""^  ml  vol  was  ob¬ 
tained  with  the  leq  model  and  a  risk  based 
on  R"^,  and  an  estimated  time  constant  of 
95.6  ±  9.8  min. 


Tikuisis,  P.,  &  Nishi,  R.  Y.  (1994).  Role  of 
Oxygen  in  a  Bubble  Model  for  Predicting 
Decompression  Illness,  (DCIEM  94-04). 
Defence  and  Civil  Institute  of 
Environmental  Medicine. 

Abstract  A  mathematical  model  is 

developed  for  predicting  the  incidence  of 
decompression  illness  (DCI)  in  dives  in¬ 
volving  nitrogen  and/or  helium.  The  model 
is  based  on  the  growth  of  a  bubble  that  is 
predicted  to  form  upon  a  condition  of  gas  su¬ 
persaturation.  The  model  compartment  is 
assumed  to  be  perfusion-limited,  hence,  the 
uptake  and  elimination  of  each  gas  is  dis¬ 
tinguished  by  its  partition  coefficient 
(solubility  ratio  of  blood  to  tissue).  Bubble 
evolution  is  predicted  by  assuming  either  a 
diffusion  limitation  in  a  gas  transfer  or 
complete  equilibrium  between  the  gas  and 
tissue  phases.  An  oxygen  effect  is  imple¬ 
mented  by  1)  considering  the  possibility 
that  oxygen  may  contribute  to  the  bubble  in 
a  gaseous  form  when  its  ambient  level  ex¬ 
ceeds  an  estimated  threshold  and  2)  taking 
into  account  the  vasoconstrictive  response 
induced  by  high  levels  of  oxygen  breathing. 
Risk  of  DCI  is  hypothesized  to  increase  as 
the  time-integrated  bubble  size  increases. 
The  model  parameters  described  above 
were  calibrated  using  the  method  of  maxi¬ 
mum  likelihood  against  a  total  of  2,378 
man-dives  (715  involving  helium)  with  a 
4.56%  incidence  of  DCI.  The  best  fit  of  the 
data  was  obtained  with  the  equilibrium 
approximation  and  the  combined  oxygen  ef¬ 
fect.  Estimated  parameter  values  were  a 
blood  perfusion  (Q)  of  0.041  ml  blood  •  ml 
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•  min  and  Ostwald  gas  solubilities  of 
0.0344,  0.0125,  and  0.0609  for  nitrogen,  he¬ 
lium,  and  oxygen,  respectively,  which  are 
within  the  physiological  range.  The  esti¬ 
mated  parameters  pertaining  to  the  oxygen 
effect  suggest  that  Q  can  be  reduced  by  up  to 
52%  with  high  levels  of  oxygen  breathed 
and  that  oxygen  contributes  to  the  bubble's 
presence  when  its  arterial  tension  exceeds 
0.46  bars. 
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